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FOREWORD 


This report was prepared and submitted o the Petroleum 
Engineering Lepartauent of the University of California at 
Berkeley as one of the requirements for the degree of Haster 
of Engineering, Petroleum, it was prepared under the direction 
and guidance of Professor John Àe Putname 

The report was sporsered by the Us. $e Navai Fostzraduate 
School to which this officer wag attached as a petroleum 
engineering student from 1951 to 1954. 

The student wishes to acknowledge the great amount of 
liaison work, authorized by the Director avai Petroleum 
Reserves and the Inspector Naval Petroleum Feserves in 
California, and accorded the studert by the eteff members 
of the above officers, “his report would not nave been 


possible without their cooperation. 


Fe Me Adams, ¿Pe 


University of California, Perkeley 
10 June 1854 
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CHAPTER I 


LOCATION, DESCRIPTION, AND BRIEF REVIEW 





OF 


EACH RESERVE 


There are four naval petroleum reserves and three oil 
shale reserves. ‘These public lands are in the possession 
and under the authority of the Navy. The Secretary of the 
Navy is responsible to Congress and the President for their 
administration and for the operation of petroleum reserves. 
The Secretary of the Navy administers the reserves through 
a senior naval officer appointed as the Director Naval Petro- 
leum and 011 Shale Reserves. The administrative staff of the 


Director is described in Chapter VII of this report. 


LOCATIONS 


The general locations of the reserves within the con- 
tinental United States are shown in Figure 1-1, The only 
reserve lying outside the boundaries of the United States 


is shown in Figure 1-2. 
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BRIEF DESCRIPTIVAS AMD RELATIVE IMPORTANCES 


Naval Petroleum Reserve No, 1l (Elk Hills). 

This reserve is located near Tupman, Kern County, Cali- 
fornia. It lies approximately 20 miles west of the city of 
Bakersfield. The reserve covers 46,095 acres and is one of the 
greatest oil fields in the United States. A map of the reserve 
showing its boundaries at different times in the field's life 
is shown in Figure 1-3. As of January 1954, it was the 
largest oil field in California with estimated recoverable 
reserves exceeding 700 million barrels of oil and an estimated 
constant productive capacity of about 140,000 barrels per day 
for five years, or an initial emergency capacity of over 200,000 
barrels per day. 


The field is jointly owned by Navy and Standard Oil T 
A e E IS A A يمع‎ 
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re E 


Company of California, with Navy having the majority interest. 
It is unitized with Standard as the Operator [or Navy who has 
complete control of the reserve. 

N.P.R. No. 1 is currently the most important of all the 
naval petroleum and oil shale reserves. It is the only one 
functioning as a true petroleum réserve,. 


A typical view of this reserve is shown on Figure 1-4. 


Naval Petroleum Reserve No. 2 (Buena Vista Hills). 

This reserve lies adjacent to the southern boundary of 
N.P.R. No. 1 as shown on Figures 1-1 and 1-3. Sections of the 
city of Taft, California, lie within the reserve. The reserve 
comprises 30,181 acres of which only 34.6 percent belong to _ 

Navy. 
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Because of Navy's minority interest, it was never practi- 
cal for the Government to attain control from numerous private 
interests intent on producing oil. Consequently, the reserve 
has been on continuous production since its discovery in 1909 
with a cumulative production of approximately 138 million 
barrels by 1952. 

About 88 percent of the Government's land within the re- 
serve is leased to private interests who produce the oil and 
pay Navy the equivalent value of the royalty oil. As of 30 
June 1952, the Government had received approximately 27 million 
dollars from reserve in lease payments and petrolsum sales. 

Of the estimated remaining recoverable oil of nearly 23 
million barrels, the Government is due to receive only the 
equivalent value of about 5.6 million barrels of reyalty 
oil. 

Thus this field has never functioned as a true petroleum 
reserve. It is of importance only in its past and future 


income to the Government, 


Naval Petroleum Reserve No. 3 (Teapot Dome). 


This reserve, located near Casper, Wyoming, comprises 
9,321 acres. All of the land is owned by the Navy. The 
field was partially developed by lessees for Navy; but 
all of the producing wells were shutein on 31 December 1927 
and have remained shut-in ever since. Prior to being shut-in, 
the field had produced approximately 3.5 million barrels of 


Oil with a royalty value of about 6 million dollars accruing 
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to the Government, 
Remaining reserves from the developed Second Wall Creek 
Zone arv estimated at 8.4 million barrels. Several deep ex- 
ploratory wells in 1952 and 1953 discovered sn oll accumulation 
in the Tensleep Sand Zone. The results of these tests and 
the exact estimates of the recoverable oil in the Tensleep 
Horizon is not well known by this student, except the fact 
that the new reservoir is considered only a minor oil reserve. 
Although this reserve is perhaps the best known of all the 
reserves as a result of the Teapot Dome scandals of the twenties, 
it is in no true sense of the word a naval petroleum reserve. 
It has been tested and found wanting in oil reserves and 
capacity. The only value lies in the income the Government 


eventually may receive from the royalty oil. 


Naval Petroleum Reserve No. 4. 

This huge, 37,000 square mile reserve, is located in 
Northern Alaska, just south of Point Barrow in the area shown 
on Figure lel. In 1944, during the last war, with the Govern- 
ment anticipating a possible oil shortage, Navy commenced 
actively exploring the reserve for possible oil deposits. 

This exploration program continued for nine years untíl it was 
suspended in March 1953, 

Oil or gas was found in almost every one of the 45 test 

holes drilled---a few of which went as deep as 12,000 feet, 


Only one extensive oll deposit was found at Umiat in the 
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southeastern section of the reserve, This field is estimated 
to contain 50 million barrels. One large gas field was also 
found. Some evidence of the extent and success of the drilling 
program to August 1952 is shown in an enlarged map of the 
Reserve in Figure 2-11. About 50 million dollars was spent 

in the exploration program. 

What is the relative importance of this reserve? At the 
present time it is of little importance due to the small amount 
of oil discovered and the great difficulty involved in getting 
any oil out of the area. However, it is possibie that in any 
area of 37,000 square miles great oil deposits may one day be 
found; and this oil will be produced and transported in spite 
of all difficulties and expense involved, provided the demand 
is great enough and the selling price is high enough. This 


reserve is believed to have great potential value. 


The Oil Shale Reserves. 

The great oil shale holdings of the “avy are divided into 
three reserves as shown on the location map of Figure 1-1: 
Shale Reserves No. 1 and No. 3 in western Colorado; and Shale 
Reserve No. 2 in eastern Utah. NOSR No. 1 comprises an area 
of 41,355 acres with an estimated shale oil reserve in rich 
shales of about 5 billion barrels. NOSR No. 3, bordering 
NOSR Ko. 1 on three sides, has less than 15 percent of its 
area as shale, but it was still necessary to establish this 
area as a reserve in order to provide working space and 


spent-shale disposal areas for future operations of NOSR No. l. 
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The oil reserves from both the rich and lean shales of NOSR 
No. l and No., 3 are estimated at 36 billion barrels. NOSR 
No. 2 is the largest of the three with an area of approxi- 
mately 92,160 acres. No estimate has been made of its great 
shale oil reserves. 
Although Navy is responsible for the administration of 
the oil shale reserves, it is specifically prohibited by the 
Act of 30 June 1938 from developing or operating these reserves. 
The oil shale reserves are of tremerdous potential value. 
Judging by the results and reports of BW ines abr — work 
at the 011 Shale Demonstration Flant near Rifle, Colorado, and 
personal discussions with engineers in the petroleum industry, 
the economic production of oil shale on a competitive commer- 
cial basis with crude oil may now, or soon will be, possible. 
it is the considered opinion of many men, in and out of the 
petroleum industry, but all concermed with the needs of this 
nation in any future emergency, that the Government should 
take immediate, positive steps to finance and establish a Shale 
011 Recovery Unit or Units on a commercial scale. This step 
could be taken with proper safeguards and guarantees to the 
petroleum industry as regards any possible harmful effects 
of such a program on the industry's economy, 


But we'll probably wait until it's (almost) too late, 
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POLICY 


As summarized in a "History of the Naval Petroleum and Oil 
Shale Reserves” issued by the Director,“ the lavy's policy con- 
cerning these reserves is as follows... 

"Navy's policy us to the future administration of tne naval 
petroleum reserves will be, as it has in the past, that there 
shall be the maximum conservavion of oil consistent with the 
needs of the national military and naval security. Tie Navy 
has regarded itself as charged by Congress with the responsie- 
bility for maintaining its present holdings of oil lands as 
a reserve in the ground, insofar as that can possibly be 
achieved, and for restricting production to the minimum neces- 
sary to maintain the field in a state of readiness, 

As to the oil shale reserves, the Navy's policy is to 
watch and encourage research, both Governmental and private, 
in synthetic liquid fuels from shale. The potential value of 


the shale reserves must not be underestimated." 
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Hii STORY 


Aside from stating ihat the Naval Petroleum Reserves ori- 
ginally were set aside over a span of years for the purpose 
of providing future naval fuel-oil supplies, the history of 
the reserves and of the development of the present national 
policy concerning them will not be attempted in this report. 
Prior to the establishment of the first Reserve, N.DP.R. No. l, 
in 1912, and continuing to the present time, this history has 
been stormy and controversial. It would be difficult to pre- 
sent a clear and unbiased review of this history without writing 
a long and detailed report. However, excellent historys, 
referred to in the selected bibliography below, have been written 
summarizing the numerous Acts of Congress, Presidential Execu- 
tive Orders, Congressional Hearings, and litigation related 
to the reserves. Kost of these items are listed in the biblio- 
graphy of this report, together with a short brief of the 
contents of each, which may surpiy the reader with enough 


information. 


SELECTED REFERENCES Ih THE BIBLIOGRAPHY 


2, 3, 5, 6, 111, 124, 170, 245, 247 
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CHAPTER II 
GEOLOGY 


NAVAL PFTROLFUM RESFRVE NO. 1 


Regional Geology. 
The immediate regional geology associated with Elk Hills 


is best shown by the geologic section of Figure 2-1, It shows 
the Reserve to be a separate and distinct field except for some 
off-set drainage production on the southern and eastern edges 
of the Reserve. There are numerous nearby oil and gas fields 
in this lower end of the San Joaquin Valley, However, only 
three appear to directly affect N.P.R. No. 1, and they are: 

(1) the Buena Vista Front Pield on the southern edge, 
from which the Reserve produces some oil to prevent 
drainage from Section 14-B but not drainage from 
the Elk Hills structure itself; 

(2) the North Coles Levee field on the eastern edge, which 
has a finger of oil productive Stevens Sand lensing 
out in the Reserve and from which the Reserve pro- 
duces some oil to prevent drainage; 

(3) and the Buena Vista Field (N.P,R. No. 2), which 
appears to have the same aquifer as the Shallow Oil 
Zone on the Reserve and thereby to affect greatly 
the Shallow Zone reservoir. 

Structural Features of Elk Hills. 


The Shallow Oil Zone structure, as shown by Figures 2-2 
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FIG. 2-2 


l, Showing the 


Intense Faulting Which Complicates the Anticlinal Structure. 
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Structure Map of the Shallow Oil Zone, N.P.R. No. 
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FIG. 2-5 


l, Showing the Two 


Structure Map of the Stevens Zone, N.P.,R. No. 


Enechelon Folds of the Anticlinal Structure. 





and 2-4, consists of a broad faulted anticline with several closed 
highs and is reflected by the surface structure. The anticlinal 
structure on the surface is 17 miles long by 6 miles wide with 
hills rising 1200 feet above the valley floor. As shown by 

the contour map of Pigure 2-2, most of the faults are normal 
except for apparent high-angle reverse faults along the south 
flank. Only a few of the faults have proven to be competent 

fluid barriers. 

The Stevens Zone structure, as indicated by the contour 
map of Figure 2-3 and the cross-section of Figure 2-4, con- 
sists of two enechelon folds with numerous thrust-faults. 

The accumulation of oil in the Shallow Oil Zone is con- 
trolled primarily by the anticlinal structure and secondarily 
by faulting and stratigraphic pinch-outs. 

The Dry Gas Zone lies above the Shallow Oil Zone. 

The Carneros Zone underlies the Stevens Zone. ‘The exact 
nature of the Carneros structure is not well kuown. However, 
it does havs very steep beds dipping to the north and souih 
as shown on Figure 2-4 and may be an anticlire or a homocline 
open to the west with competent faults or stratigraphic barriers 
serving to trap the oil. 

As the depth increases, the general structural trend of 
Elk Hills is up-dip toward tne west. Any additionai accumula- 
tion traps in the western erid of the field, therefore, would 
depend on local dip reversals, faulting, pinch-outs or other 


permeability barriers. There are favorable possibilities for 
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future production from additicnal deep zones such as the 
Phacoides Reed Sandstone at about 11,000 feet and the Point 
of Rocks Sandstore at abcut 13,000 የ665... As of May 1954 
four desp exploratory wells had been drilleä in the field to 
test for deep production. The deepest depth penetrated was 
about 12,900 feet. Two of these deer wells in the western 
portion of the field found commercial oil production in the 
Carneros Sand at about 10,000 feet anc were completed there. 
As regards the other two deep tests, it is believed that they 
failed to find deep production and were plugged back and come- 
pleted in the Stevens Zone, 

A composite electric log alongside the stratigraphic 
column of Figure 2-5 indicates the various oil productive 
horizons in the stratigraphic column of Elk Hills. 

The Dry Gas Zone comprises the several dry gas productive 
sand measures lying in the upper portion of the San Joaquin 
clay formation about 1200 to 2200 feet below the surface. 
Four of these sands, termed the Mya dry gas sands, have a net 
productive sand thickness of about 50 feet. 

The Shallow Oil Zone sands are of Pliocene Age, varying 
in depth from 2000 to 3600 feet below the surface, For mapping 
structure, contours are normally based on the Lower Scalez 
fossil marker, Scalez Petrolia, which occurs throughout most 


of the field. 
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In the Shallow 011 Zone there ars at least ten different 


oil sands, subdivisions being caused by the interbedding of 


ገ 
shales and sands. These sands are tabulatea belom:++8,136,138 
Wa ter Average 
Net Productive Porosity % of Permea- 
Sand Thickness ۶5 of Pore Pore bility 
Sand Feet Volune Space Md. 
E Laminated - - o = 
(BE) 
Above Scalez 10 38.2 - 2000 
(AS) 
Sub-Scalez 1 46 54.0 20) 2100 
(SS-1) 
SubeScalez 2 18 54.6 32.0 1600 
(SS=2) 
Mulinia (M) 235 35.4 40,1 2400 
Sub-Mulinia e 33.4 43.0 700 
(SM) 
Sub-Scalez 2 20 34,4 27.2 1700 
and N 
(SS-2-M) 
Bittium (B) 3 56.4 - 750 
Above Bittium (AB) 
Bittium (B) 
Wilhelm (w) 
High Produc. (HPW) 7 32.1 ^ 200 
Low Produc, (LPW) 16 31.7 - 75 


The abbreviations in parentheses after each sand above will 
be used throughout this report in discussing the Shallow 0il 
Zone. "he first four sands above are found in the basal portion 
of the San Joaquin clay formation. The other sands occur in 
the upper part of the Etchegoin formation. 


The most prolific oil sands are the SS-1, SS-2, and ¥ sands, 
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from which approximately 95 percent of the oil produced to date 
has come and from which 90 percent of the future production 
112 
could be expected, 
The Stevens Zone consists of seven different horizons 


in the Upper Miocene. These oil productive zones aro listed 


83081: 
Zone Remarks 

N Productive at a few axlal locations and 
in certain sand areas. 

۸ Fractured silicious shale and some low 
permeability sands; productive ever most 
of eastern and western structure. 

B* Includes most of the permeable Stevens 
Sand at eastern end of Elk Hills and a 
fracturec shale on the western structure; 
"most productive of all the zones. 

C Massive shale; serves as & fractureä rock 
type reservoir in only a few locations. 

D Highly fractured sillcious shales; sone 
low permeability sand lensés; productive 
on both structures at crestal position. 

DD Low permeable sands and shales; marginally 
productive on crest of eastern structure, 

PG Sands and shales below DD zone; marginally 


productive on crest of eastern structure. 

The above stratigraphic series of shales with sand streaks 
and fractured shales varies in thickness from 80 to 800 feet. MS 
For correlation anc mapping of the Stevens Zone the fauna, 

Pecten Pechami, and the "N" point electric log marker generally 
are used. The porosity, permeability and water content of the 
various sands and shales in the Stevens Zone varies considerably; 


therefore, 16 is extrewely difficult to assign avorage values 
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for these quantities as was done for the Shallow 0í1 Zone, 

The Carneros Zone of Lower Miocene Age has been penetrated 
by four wells, two on the eastern structure and two on the 
western, Tne two or three oil productive sand members com- 
posing this Zone have an equivalent total sand thickness of 
about 200 feet. As of May 1954, two commercially productive 


wells had been completed in the Carneros Zone, 
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Since this report is primarily concerned with N.P.R, 

No, l, no attempt will be made here to give a description of 
the geology of the other reserves. However, an excellent 
idea of the structure and the stratigraphy of the oll produc- 
tive horizon of N.P.R. Yo, 2 (Buena Vista) may be obtained by 
a study of Figures 2-1, 2-6, 2-7, and 2-8 of this chapter. 

Likewise, for N.P.R. No, 3 (Teapot Dome), Figures 2-9 
and 2-10 will provide the reader witn the essential geologic 
features of this field and of its productive horizons. 

As regards N.P.R, No, 4 (Alaska) an enlarged geographie 
map of the reserved area proper indicated on Figure 1-2 is 
presented in Figure 2-11 of this chapter. This latter figure 
also shows somewhat the extent and relative success of the 


exploratory drilling as of August 1952. 
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(9321 ACRES) 
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(5321 ACRES) 

[7] OL € WATER PRODUCTIVE AREA 
(2300 ACRES) 

GME CLEAN OIL PRODUCTIVE AREA 
(700 ACRES) 

[ ]GAS CAP (1000 ACRES) 


| 
ESTIMATED RESERVE 8000000 BBLS. 
EST. POTENTIAL DAILY PROD.2.000 " 
NUMBER ORICINAL WELLS SHUT IN 
SINCE DEC.1927 65 OIL:12 CAS. 
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NATRONA COUNTY, WYO. 


SCALE: 1% INCH= 1 MILE 
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CHAPTER III 


DEVELOPMENT 
AND 
PRODUCTION HISTORY 
NAVAL PETROLEUM RESERVE NO. 1 
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GEN I AL RE YLEN 


The development and production history of Naval Petrolewm 
Reserve Ho. 1, may be divided tzto three major periods which 
are listed and discussed below, 

(a) 1910 to 20 November 1942 --- Discovery end competitive 
development and production of Elk Kills prior to 
unitization. 

(b) 20 November 1942 te September 19045 --- Unitization 
and the World War If emergency development and 
production of Shallow 0411 Zone, 

(c) After September 1945 === Post-War period of intensive 
exploration and development of a11 — and the 


State of Readiness Program for the Shallow O11 Zone, 


1910 to 20 XNovescer 1942. 


Between 1910 and 1918 some 55 unsuccessful prospeet 
wells were drilled by private interests in search of oil in 
the Elx Hille area. Of these wells 33 were too shallow and 
5 found oil in non-commercial quantities, probably as a result 


of poor completion methods, 
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In January 1919 Standard brought in the first commercially 
successful well, Hay No. 1 in Section 36-S. It was completed 
in what is now called the Shallow 011 Zone. During the next 
year, 47 other wells were completed in this area, none of 
which were particularly good oil producers. 

In February 1920, when Standard brought in Tupman No. 1 
(Section 36-S) at an initial production rats of 5200 barrels 
per day, the rapid development of Elk Hills commenced in 
earnest. Over 200 additional wells were drilled by Standard 
and other operators in the Old Area within the next few years. 
The area and the extent of this development may be seen on 
Figures 5-1 and 5-2. 

It soon became obvious to the Government that the Reserve 
would suffer serious loss of oíl by drainage to wells produc- 
ing on private lands within and adjacent to the Reserve, 
Congress then gave Navy its first authority to issue strip- 
leases to private companies for the purpose of drilling off- 
set wells to prevent drainage. Some of these strip leases 
are shown on Figure 5-2. Navy's protective drilling program 
was somewhat belated and not too successful, as illustrated 
by Figures 5-4 and 5-5. 

By 1921 yearly production, mainly from what is now 
called the central or Tupman part of the Old Area, reached 
a peak of 18 million barrels or 16 percent of the entire pro- 
duction of California in that year. Overproduction in Calif- 
ornia then forced a big cuteback in Elk Hills production during 


subsequent years, 1*4 


0-۲ 


CALS O (dà el dr a1 
ስፀየ914:05 5ሀህ8 11 Aa a ፲ዝሸ .1[#ሣ 1ዕዔዉብ6ውጋ:.ሠ 
Mar mi ¿nto ke ee bellse «vs sib ¿ada al 
Te efed e سے ا‎ ህዌቄ8 ረፊፈም8 “ጽበሸሪዬ ኛፁሁ ,ግሜይሚ 
essen (Fe ፻258 የ7ሙ=805245ቁ9 opea daid 
S 8 90፪ ቸም ‹‹፤ 2(ከኮ2ጣህ9 لوووك‎ mare FE a AT 
erm OG ko oss salı dry Labs inf os e (aE oof SA) 
al Damm الا مہ جار تی‎ 7000۷ Urg ed جوج‎ ግ54 
| ከካዘዩዌቋ፳ ናቹ bio ممح‎ aL Don ممح فا .80د 005 اق1للاہتم!‎ 

















‹#ዝ)ጋሺ% AFT faon Ae Arije varh BAN w ولاس دجلا غم‎ wedio bum — 
በ% and ذه‎ ea Voces lute: mlt Vo ہا‎ Gel Bla ance att 





"We nirt Ye Hang በኛ 454 aras st ور پڑتتجھ‎ — 


aonesi alwin mamas ?ህ 5965 .6ጻ 


mn nn tue doc pet 

ri ao maade ota‏ ےج 
Lutegesoup 003 700 bas bavaled y‏ عن ١‏ كديره دع قوذ 
aga hoa bi eogi gd‏ . 

A €‏ أ ر کیت ووی وت ن د 2ر 


eer cama AS av 7+9 
“=0ዛ4 5ኛ1ቹ* 5) mil Yc tmedweq OL xo adbw]UWad ቪር ፻1148 52 te desq u 


„21180 نهر‎ 29844 3ሀ/5:ሀዊ፪፳ግ6*(፤ ‚aut det! 21ء ہم‎ Lu Gol? oWb 


WAP ceisambowg SLLUN &I" 288 2 38#ይ'>22,5 «I9 p sopt ناا له للح‎ 
*ኳፈ 














‚inet 2 (2362664258 


ጣም “ም 
١ 1 12-35 
ሑሔጤሌ ج‎ 


After the Government o1l reserve scandals of 1922 and 
repudiation of the wholesale loasing which had occurred, 
the Government stiffened in its policy of conserving the oil 
in the Reserve. As a result of this policy and the liberal 
attitude of the holders of patented land within the Reserve, 
development prior to unitization was confined largely to the 
Hay-Carman and Tupman areas shown on Figure 5-1. Nevertheless, 
by the end of 1928 more than 400 wells hac been drilled in 
Elk Hills. 

In 1932 nearly all of the high gas-oil ratio wells in 
the Hay-Carman area were forced to remain shut-in as a 
result of litigation. 

In 1941 Standard drilled some deep exploratory wells 
and discovered the Stevens Zone. This zone, however, was 
not actively developed and produced until after 1946, 

Produc tion prior to unitization amounted to about 29 
percent of the total estimated recoveratle oil from the 
Shallow Oil Zone, based on the 1949 estimate. 

The effects of the development and procucticn practices 
during this competitive period in the field's life are dis- 
cussed in Chapter V. 

20 November 1942 to September 1945. 

Although the Unit Contract and Operating Agreezent were 
not executed until 19 June 1944, the field was effectively 
unitized by previous agreements on 20 November 1942, This 


unitization has been referred to as a "shotgun marriage" 
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which turned out vory we11,194 At least it came at an oppor- 
tune time considering the crucial state of the nation during 
World War II and the critical oil shortage rapidly developing 
on the West Coast at that tine. 

Orders from Congress and the President to take the lid 
off W.P.R. No. 1 came in June 1944. A detachment of Navy 
Seabees occupied the field almost overnight to build roads 
and level drillsites. The goal was to increase production 
as rapidly as possible from 15,000 barrels per day to 65,000 
barrels per day. To accomplish this goal, all drilling effort 
was devoted to developing the Shallow O11 Zone in lieu of the 
deeper Stevens Zone., About 15 drilling rigs were in conti- 
nuous operetion with the goal of putting a new well into the 
tanks every 24 hours , 105 By July 1945, after a cevelopment 
period of 13 months, the goal of 65,000 barrels per day of 
sustained production had been reached. +25 A maximum pro» 
duction of 71,000 barrels per day was possible. 

The principal areas of war-time development are indi- 
cated on Figure Sel. The effects of the high war-time pro- 
duction rates on the Shallow 911 Zone are discussed in 
Chapter V. 

With the cessation of hostilities, the Secretary of the 
Navy in August 1945 ordered 8 cuteback in procuction from 
65,000 to 15,000 barrels per Gay. Later the productic2 
rate was decreased still further, and the emergency production 


perioc came to an ond. 
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total production from Elk Hills during the four years 


of World War II, about 31 million barrels of oil, was equiva- 


lent to only 15 percent of the total production from the 


Shallow 011 Zone to 1954, Thus only a relatively small per- 


centage of oil produced from the Reserve has been used for the 


purpose Congress intended, 


After September 1945, the Post-War Period. 
This period to 1954 has consisted of the following prin- 


cipal development and production programs :148 


(1) 


(2) 


(3) 


(4) 


(5) 


Intensive exploration and development of the Shallow 
Oil Zone and the Stsvens Zons for Readiness purposes. 
The Stevens Zone development was completed in 1954, 
Additional offeset drilling and production along 

the boundaries of tho Reserve---Section 14-B for 
shallow sands and Section 25S for Stevens Zone. 
Exploratory drilling by the Navy of Carneros Zone 
wells. 

State of Readiness Program for Shallow Oil Zone 
described in Chapter V. The principal purposes 

of this Program are to maintain the Shallow Oil 

Zone in a full state of readiness to produce the 
maximum amount of oil upon short notice, and to 
creave reservoir conditions calculated to insure 
maximum ultimate recovery of 011,12 

Reduced production of oil to an extent necessary 

to carry out necessary testing and the projects 


under the State of Readiness Program. 
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(6) Construction of a 5.5 million dollar natural gas 
processing plant with 50 million cubic feet capa- 
city; reconditioning of the existing 3G gas plant. 

(7) Recent drilling in various areas to protect Reserve 
from drainage or loss of recoverable oil. 

(8) Conservation of unused processed gas by injection 
into the Dry Gas Zone. 

During the first eight years of the post-war period, 
production from the Shallow O11 Zone to 1 January 1954 had 
amounted to about 11.5 percent of the total cumulative pro- 
duction, or almost as much as the emergency production of 
World War II. Cumulative production from the Stevens Zone 
has amounted to only about one percent of its estimated 


recoverable reserves. 
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General Items of Interest. 

During the Post-War Period the Unit has contracted 
all development work with several independent drilling com- 
panies. Rotary drilling equipment on light portable rigs 
is employed. 

Under Unit Operations extensive coring, logging, and 
testing have been an integral part of the development and 
remedial programs. For the first wells drilled in any general 
area, all possible productive horizons are cored in a reduced 
hole, Drillestem tests are made of each zone separately if 
evidence from cores, mud log, and electric log so warrant. 
This policy may mean coring 4000 feet of Pliocene Age forma- 
tions lying above the Keef Ridge Shale at a depth of 1000 to 
5000 feet from the surface. Also, drill-stem tests may be 
made of as many as nine different productive intervals, 

The above procedure applies only to a few wells. Most 
are drilled without such extensive coring, logging, and 
testing. 

Drilling costs and cost sharing are discusseä in Chapter 
VIII. 

Shallow Oil Zone. 

There have been several principal periods in the develop- 
ment of the Shallow Zone. They are listed below: 

(1) 1919 to 1928 --- Over 400 wells were drilled by pri- 


vate operators and by lessee's of the Navy. 
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(2) 1949 to 1945 --- Anproxixately 323 wells were drilled 

during the war-time emergency period, 

(3) 1945 to 1947 --- An explorator; development program 

along mostly the south flank was continued after 
World War II. 

(4) 1951 --- Readiness Development Program is still in 

progress. 

(5) 1953 --- Protective well drilling as part of the 

revised State of Readiness Program was commenced 
to prevent drainage and loss of otherwise recoverable 
oil. 

These wells average about 3000 feet in depth and require 
7 to 14 deys to drill. 

In the heavily drilled Old Ares the wells are generally 
on an S-acre spacing. Development practice under Unit Opera- 
tions has been a 20-or=40-acre well spacing for each major 
productive sand with the well=bore open to only one major 
sand body. 

Stevens Zone, 

Development periods in the life of the Stevens Zone 
are as follows: 

(1) 1941 to 20 November 1942 --- On a deep exploratory 

test, Standard discovered the Stevens Zone in 1241, 
By 20 November 1942, the date of unitization, three 
producing welis had been completed ty Standard in 
this zone. Except for one or two more wells, she 


Stevens Zone was not developed during the emergency 
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war-time development and production period of the 
Shallow O11 Zone. 
(2) 1946 to 1947 --- A participating percentage (joint) 
exploration of the Stevens Zone was conducted, 
(3) 1 July 19048 to l April 1954 --- An intensive Readiness 
Development Program for Navy was completea. 
These wells averase about 6500 to 7ODO feet in depth 
and require approximately 47 days vo drill. 
The development program was carríiec out on a 40-and- 
80-acre well pattern. 
Carneros Zone. 
In 1951, Navy commenced a deep test exploratory program 
in the western portion of the field. Exploratory well X55-30R, 
completed 10 January 1952, resulted in the discovery of the 
Carneros Lone. “ne well was bottoned at 12,856 feet, plugged 
back to 9,385 fcet and completed in an oil production finger 
of the Carneros Sand: Two successful wells had been completed 
in this zone as of May 1954. On test the wells flow at a rate 
of about 150 to 2CO barrels per day of very high gravity crude, 
54° API, and very high gas-oil ratio, 10 Fef per barrel. 
Dry Gas Zone ۶ة‎ 
As of 1 January 1954, there were six productive wells 
in the Dry Gas Zone. ‘There are 33 locations to be drilled 
on & l60-acre pattern. As far as is known, however, this 
development program has not been cormmenced nor is contemplated 


in the near future. 
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As of 1 January 1954, the Unit had drilled 15 off-set 
wells which arc or. continuous producticn at a total daily 
rate of about 545 barrels per day. This Section is discussed 


more fully in Chapter V, 
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PRODUCTION NOTES 


Production Status of Wells, All Zones, As Of l January 1954. 





Total No. No, Suspended No. 

Zone Of Wells Or Standing Producible 
Shallow 771 SO 721 
Stevens 220 1 219 
Carneros* 1 0 1 
Dry Gas 6 ሀ 6 
Sect. 14-B 16 ٥ 16 

Totals: 1014 51 963 


*By May 1954 there were two producible Carneros Zone wells. 


Rate of Production. 

The Secretary of the Navy is required by Congress to keep 
‘production in normal times at a minimum consistent with good oil- 
field practice for routine testing and protection of the reser- 
voir. Under existing law, the Secretary must find that increased 
production is essential for national defense and obtain per- 
mission from Congress in the form of a joint resolution 
before production from the Reserve can be expanded. The 
Navy must then dispose of its share of ihe petroleum pro- 
duced by public sale. Also, contracts are held up while 
Navy confers with armed services committees of Congress. 

To prevent these delays in putting N.P.R. No. 1 on 
full production in event of a national emergency, correc- 


tive legislation was introduced in Congress in January 1954 
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on the recommendation of the National Security Council, 
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The 


proposed bill would give the Secretary of the Navy authority, 


subject to the approval of the President, to initiate production 


from the petroleum reserves during a national emergency or 


state of war declared by the Congress, and also, to negotiate 


sales of the products so produced. Reports would be required 


to the armed services committees of Congress concerning details 


and reasons for any expanded production and disposition of same. 


The current status of this bill is not known. 


Summary of Production, All Zones, From 20 November 1942 14€ 
(Unitization) To 30 June 1953 
Na tural 
Crude Oil Gas Gasoline 
(Barrels) (WCF) (Gallons) 
Deliveries to: 

Navy 21,881,902 16,651,530 3,701,933 
Standard 29,690,885 8,959,825 6,552,707 
Total Deliveries 51,572,787 25,591,355 10,034,640 

Inventory of 30 June 
53 156 „052 - 19,265 


Total Production 


51,728,839 25,591,555 10,053,905 
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Comparison of Current and Ultimate Allocation of Procuction™*® 


Natural 
Crude Oil Gas Gasoline 
(Barrels) (XCF) (Gallons) 
Navy's Participating 
Percentage Share of 
Total Production $5,056,688 19,026,053 6,907,202 
Actual Deliveries to 
Navy 21,996,695 16,651,550 3,717,138 
Due to Navy Under 
Ultimate Allocation 
of Production 13,059,993 23574 ‚525 3,190,064 


The indicated unbalarce in production receipts resulted 
from the extended "primary" period of the Unit Contract150 
As Amendeat46 when Standard received most of the production 
from the Shallow Oil Zone. This extended "primary" period 
ended 2 August 1950. Production receipts from the Shallow 
Oil Zone are gradually being brought into balance with the 
participating percentages listed in Chapter IV, for Navy is 
receiving nearly eight-ninths of the Shallow Oil Zone produc- 
tion, 125 
Shallow Oil Zone 

The gravity of oil produced from the Shallow Oil Zone 
has varied from 17% to 44% API with an average gravity of 
about 25% API. 

From estimated production decline curves it has been 
estimated that the Shallow Oil Zone currently could be pro=- 
duced at maximum production rates well above 100,000 barrels 
per day. However, such high rates could not be sustained for 
many months or even days as excessive sanding of welis would 


oecur, Consequently, estimated sustained production rates 
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are much lower, These rates art given in Chapter IV. 

Most production in the past has come from the SS-1l, 
S3-2, and M sands, and these sands would be the source of 
most production in the future. 

The great majority of wells require pumping. Only rod- 
actuated plunger-displacement pumps are used. Sore wells 
are flowing wells as a result of the increased reservoir 
pressure resulting from the gas injection program. 

The production history of the Shallow Oil Zone is given 
on the graphs of Figures 3-1 to 3-3. Figure 3-1 is a graph 
of monthly production rates since discovery of the field. 
During the post-war períod, the rate of production from each 
of the various projects under ths Stato of Readiness Prorran 
is given by the curves of Figure 3-2. Cumulative production 
curves to l January 1954 appear on Figure 3-3. 

Stevens Zone. 

The average gravity of Stevens Zone Oil is about 36° API. 
Combined with its natural gas and natural gasoline content, 
Stevens crude has nearly twice the value of Shallow Zone 
crude combined with its gas and gasoline, 

State of depletion, estimated constant production rates, 
and estimates of reserves all may be found in Chapter IV. 

With the reservoir pressure averaging 2400 to 3300 psi, 
all wells are flowing wells with the exception of a few mare 
ginal producers which are pumped, 

Current production consists of (1) test production from 


new development wells and (2) minor off-set drainage production 
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FIG. 5-35. Oil, Water, and Gas Cumulative Production Curves, Shallow Oil Zone, Elk Hills 
(Reproduced from Annual Report, NPR #1, 1952) 


Ill-18 


in Section 25-8 to prevent drainage of oll from a finger of 
Stevens Sand reaching into the Flk Hills field from tne 
adjacent Coles Levee fiela on the Lasse. 

Current and ultimate allocation of Stevens Zone produc- 
tion is in agroement with the latest revised participating 
percentages as given in Chapter IV. 

The production history is graphed in Figure 3-4. 
Carneros Zone. 

The gravity of Carneros Zone oil is about 54% API. 

As of 1 April 1954, there were only two wells---both 
flowing wells. 

Production to date has been only minor test production. 
All production has been allocated to Navy since the program 
is still 100 percent Navy's. 

Dry Gas Zone. 

Until June 1952, when the gas injection program was 
halted, the Dry Gas Zone provided some gas for injection into 
the Shallow Oil Zone, 

Currently, for conservation reasons, all produced gas 
from other zones which is not burned or sold is injected into 
the Dry Cas Zone, 

Since the flelà was unitized in 1942 until 30 June 1953, 
approximately 16 million Nef of gas has been produced from 
this Zone. Current and ultimate allocations of production 
agree with the participating percentages for this Zone. 
Section 14-B, 


As of 1 January 1954, the Unit's 16 wells on Section 14-B 
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were producing a total of $45 barrels per dsy from the Fuena 
Vista Front field, The production history of this section is 
tabulated below: 


Yearly Production Cumula tive Production 


Year (Barrels) (Barrels) 
1945 55,815 55,915 
1946 180,097 255,912 
1947 133,490 369,402 
1948 101,292 470 „694 
1949 113,299 583,993 
1950 126,560 710,553 
1951 104 „415 814,968 
1952 149,036 984 ,004 
1953 197,917 1161,921 


08-1 


Aseo SX sayi oh وده‎ arena BRE bo Imre a كدصارنه تومو‎ eren 
m! 20፡2) 9ዲ48 sii 16 mal! eher O bien iao diary 
swciad bet ealudat 


55222227: 





144መ21 
PIPELINES AND REFIMERIES 
Eight crude oil pipe lines with hivh aggregate capacity 


105 


are directly or indirectly connected to tne Reserve. Six 
of these lines can reach marine terminals. None of these 
lines are owned by Navy but by different oil companies, such 
as Standard, Union, Texas, and Norwalx. Ag of 1 April 1951, 
INPR in C estimated that the major companies could, indepen- 
dently of each other, ship and refine about 46,000 barrels per 
day of Elk Hills oil in the event the field was put on full 
production, Also, INPR in C pointed to indications that the 
whole industry, with mutual cooperation, could ship and refine 
100,000 barrels per day of Elk Hills oil. A more than ade- 
quate available refining capacity, 137,000 barrels per day, 
exists in the nearby refineries of the Los Angeles area. 120 
Additional refinery capacity is available in the San Francisco 
Bay region and Bakersfield. 

With the subsequent development of both the Shallow 
and Stevens Zones and the discovery of the Carneros Zone, 
the estimated constant production rate for Elk Hills exceeds 
100,000 barrels per day. Consequently, in 1954, the Navy 
indicated that it plans to propose the construction of a 14 
inch pipe line 100 miles ir length to Los Angeles to handle 
the increased productive capacity in case of an emergency, 


Costs of this project are discussed in Chapter VIII. 
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CHAPTER IV 


OLL RESERVES 
AND 
PRODUCTIVE CAPACITY 
OF 
NAVAL PETROLEUN RESERVE NO, 1 
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CHAPTER IV 
OIL RESHR VES 
AND 
PRODUCTIVE CAPACITY 
OF 


NAVAL PETROLEUM RESERVE NO. 1 


TOTAL OIL RESERVES 


Estimated Recoverable Latest Revised 
0il As Of 1 January Participating 
1954 Percentage8 _ _ _ 
Zone (Barrels) Standard Navy 
Shallow 537,568,562 33.0848 66.9152 
Stevens 350 ‚000,000 20.6911 79.3089 
Carnoros No Estimate | | | | ------- 100 
Total 687,568,562 
Dry Gas Zone 100,000,000 M.c.L. 77.0492 22.9508 


Basis for the above values is discussed in later sections 


of this chapter. 


STALE OF DEPLETION 


Estimated 
Percent Depleted 


Zone As Of 1 Jan. 1954 
Shallow 39 
Stevens 1 
Carneros 0 


Dry Gas 45 


.-. |! 


istot 
2008 480 V2 
E جح کک و‎ dad ٭ہو‎ 84860 


saqa etit to 








979ھ 
vwd‏ 880 


1952 Annual Report 


Year 
1952 


1953 
1954 
1955 
1956 


Revised Estinates 
mual Report 
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1953 


TRODUC Y 


۲ 548 
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Estimated @eximum Production Capacity 


Shallow 


58,000 
55,000 
52,000 
51,000 
50,000 


72 ,000 
72 ,000 
72 ,000 
70 ,000 
66,400 


3 te vers 


130,000 
127,000 
124,000 
121,000 
116,400 


Estimated Maximum Constant Producing 
Rates for Five Year Period, varrols 


BE BE ua adiu 
Shallow 


000„ 74 
0ھ 73 
000, 72 
000„ 68 
64,000 


Stevens 


65,950 
68,250 


139,950 
141,250 
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SHALLOA DIL ZRH 


Reservog. 25,156 
(Official estimate by Engineering Committee; Revision of 
1 December 1949) 


Proven Acreage (oil and gas production).....19,200 acres 


Barrels 
Estimated Ultimate Recovery.eeeeccoccccc 550,184,000 
Production to 20 Nov. l942..0o.oooo.”.. 160,658,000 
Est. Reserves as of 20 Nov. l1942....... 3891 260 
Production from 11-20-42 to 1-1534... 51,957,438 


Est, Reserves as of l Jan, 1954........ 537,568 ,562 


Discussion. 
| The values quoted above were from the latest Engineering 
Committee estinatel96 based on a combination of the decline 
curve and the volumetric method. 
Old Area. 

For the Old Area (Tupman), see Figure 5-1, the Unit 
engineers established average production decline curves for 
each of six different fault blocks within the area from the 
production history of each of the wells in the Area. Since 
many wells in this Old Area are completed in several major 
sands, as shown on Figure 5-95, it was necessary for the decline 
curves to include production from all sands penetrated. These 
curves were then used to obtain the estimated recoverable oil 


for each well in the Old Area by entering the appropriate 
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curve with the last representativa daily production for the 
well and determining recoverable oll to an economic limit of 

3 barrels per day. To this value was added the well's pro- 
duction back to the base date of 20 November 1942. Reserves 
from undeveloped areas scheduled for development were obtained 
similarly. A summation gave the estimated recoverable reserves 
from the Old Area. 

New Area. 

The remainder of the Shallow Oil Zone had been mostly 
developed during and after World War II. Since the production 
history of the wells in these areas was insufflcient to esta- 
blish representative decline curves, the recoverable oil was 
computed by the volumetric method using recovery factors 
based largely on analogy with the Old Area and comparison 


with similar nearby fields. 
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STEVENS ZU አ 


Reserves (Unofficial 1948 Navy Estimate): 


Proven A@POERES obese 38-00 یت‎ 900 acres 


Barrels 
Estimated Ultimate RecoverYrono.oooooooro... 07,718,000 
Production to 20 Nov. 1942........ eco n 107,000 
Reservés as of 20 Nov. 19B2....oooooo.o.... 39۷ 1 09 
Production from 11-20-42 to l-1-54........ | $5,705,265 


Reserves as of l January 1954.,....... . e.o... 303,905,735" 


Discussion. 

As of May 1954 no official estimate by the Engineering 
Comnittee had been made of the recoverable oil in the Stevens 
Zone; however, one is now in progress. Unofficial estimates 
have been made, such as one above by Navy field engineers in 
1948 and another by consulting petroleum engineers employed 
by Standard. "Discovery of the 26-R sand and other exten- 
sions of the Stevens Zone since 1946 have increased the 
recoverable reserves to about 350 million barrels, 

It may seem strange to some observers that no official 
estimate of recoverable reserves exists after a lapse of thir- 
teen years since discovery of the Zone. However, there are 
several good reasons. Although the field was discovered in 
1941, it was not until 1946 that an intensive exploratory 


program was commenced. The development program which followed 
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was not completed until April 1954. Late development is thus 
one reason. Any detailed official estimate prior to completion 
of the scheduled development program would have been an unneces- 
sary expense. 

Another reason is simply the difficulty involvec in making 
an estimate of this Zone on which all parties will agree. 

Since the Zone has not been produced except for minor test 
and maintenance production, no decline curves and material 
balance data are available. Consequently, about the only 
method for estimating reserves is a calculation based on the 
volumetric method and comparison of this fielc with similar 
producing fields to obtain a recovery factor, No reliable 
secondary method is available to use as a checx on the volu- 
metric method. 

Moreover, any estimate cannot be considered entirely 
reliable or even relatively accurate, as the Stevens Zone 
contains a large volume of fractured shale with great varia- 
tions in porosity and permeability. Thus, most of the diffi- 
culty in making an estimate lies in deciding how to interpret, 
or how reliable is, the data available. 

As far as this student knows, the volumetric method has 
been used for all estimates to date, Possible increases in 
recovery by secondary recovery methods were not considered 


in any estimate, 
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By Nay 1954 only two wells had been completed in this 
deepest Zone. The wells have capacities of 150 to 200 barrels 
per day of very high gravity oll and high gas-oil ratio, No 


estimate of oil reserves has been attempted. 


DRY GAS يروي‎ 26 12% 


No detailed estimates have teen maae of the recoverable 
gas in the Dry Gas Zone which lies at a depth of 1500 to 


2000 feet. However, approximate estimates are as follows; 
Estimated Productive ATre8.,... . .. .........6,056 acres 


Rough Estimate of Gas Reserves: 
Bet. Ultimate Recovefy.........:...175,000,000 M.c.f. 
Approx. Gas Production to 1954.... 75,000,000 W.c.f. 


Est. of Gas Reserves as of 1-1-54,.100,000,000 K.c.f. 
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CHAPTER V 


REVIEW OF 
THE RESERVOIR ENGINEERING PROBLEMS 
IN NAVAL PETROLEUM RESERVE NO. 1 
(Elk Hills) 


INTRODUCTION 


The Elk Hills 011 field (Naval Petroleum Reserve No. 1), 
potentially the largest o11 field in California if it were to 
be opened to maximum production, is of particular interest 
from an oil reservoir engineering standpoint. Nearly every 
problem that can be associated with a petrolewn reservoir has 
been encountered in the development of this Reserve. This 
field provides the petrolewm engineer with an unusual oppor- 
tunity to study the interaction and interrelation of meny 
reservoir processes in one field. It provides an opportunity 
to study under actual field conditions some problems previous- 
ly attacked only from a theoretical basis. Its relatively 
shut-in condition also makes it more unusual than a producing 
field and provides some information on reservoir behavior not 
furnished by the latter. 

The problems have ranged chronologically from the age- 
old oil field problem of drilling off-set wells to restrict 
drainage of 011 from one's own property to the problem of 
probable loss of oil by migration into edgewater sands along 


e receding edgewater front -- an unusual condition, 
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Each particular problem or project was usually accom- 
panied by exhaustive engineering analysis and detailed reports. 
The new employee -- Navy or Standard, officer or civilian -- 
who becomes associated with the Elk Hills field in some capac- 
ity and who is interested in the oll reservoir engineering 
history of the Reserve, normally finds these reports too 
numerous and voluminous. 

The purpose of this section is an attempt to alleviate 
to some extent the above situation. Eech engineering problem 
of major significance or special interest in the past and 
current history of the Reserve is presented in chronological 
order in as standard and concise form as possible, stressing 
the most important facts in each major problem or project. 

Where they are necessary for clarity and better under- 
standing of the problem, simplified maps and graphs accompany 
each discussion. For the reader requiring more detailed in- 
formation, a bibliography at the end of each discussion refers 
him to the detailed reports concerning the particular subject. 

This presentation is by no means the first summary of 
the engineering problems and projects at Elk Hills that has 
been made." It is hoped, however, that this report will be 


“karly history and development throush 1932 of Elk Hills 
field have been described in deteil by Woodring, Roundly, 
and Farnsworth in reference 124; subsequent developments 
through 1947 by Eastman and Ruhlman in reference 109; and 
a report on the results of the postwar readiness and main- 
tenance projects from 1945 through 1952 by the Engineering 
Committee in reference 138. 
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of some value in its wide scope, its stondsrdiged presenta- 
tion of each problem, and the selected references included 
with each discussion, 
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Part A 


SUMMARY OF THE OIL RESERVOIR PROBLEMS FROM THE 
DISCOVERY OF OIL IN ELK HILLS (JANUARY 1919) 
TO UNITIZATION OF THE RESERVE IN NOVEMBER 1942 


The development and production history of Elk Hills 
during the more than twenty years before unitization has been 
reviewed in Chapter III. From an oil reservoir engineering 
standpoint, this period is important for the manner in which 
the field was developed and produced. The competitive rill- 
ing and producing practices of this period resulted mainly in 
an overall detrimental effect to the Shallow 011 Zone, reduc- 
ing its productive capacity and decreasing its ultimate ra- 
coverable reserve to an unnecessary degree. On the credit 
side, however, the competitive nature of the operations did 
serve to promote the initial discovery of oil in the field, 
to provide the government with high royalties from 1ts strip- 
leases, and to establish Elk Hills as a major oil field and 
an important Reserve by 1921. 

It has often been said that the Elk Hills field has 
everything to interest and perplex the petroleum reservoir 
engineer. ® It was equally true in this early period of the 
Reserve. The problems were typical of those always encoun- 
tered in the development of any single closed-structure oil 
pool in which there are divided interests and many different 
operators. Each operator is dedicated to the task of maximum 


economic (not necessarily efficient) recovery of oil in the 
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shortest time possible so as to recover his own oil and as 
much as possible of his neighbor's. This system has ruined 
most oil fields, and it nearly ruined the Shallow 011 Zone of 
Elk Hills, 

Some of the major problems encountered during the ini- 
tial development of this field, or which resulted from the 
early development and production practices, included the 
following: 

(1) Uncontrolled production methods with no attempt 
to maintein or restore reservoir pressure caused adverse 
effects on the reservoir, such as the following: 

(a) Depletion of reservoir energy in the Old Ares in 
the form of free gas aná solution gas produced. No gas was 
returned to the SS-1 from 1919 to 1942, 

(b) Creation of pressure sinks and an unbalanced 
reservoir. 

(e) Creation of secondary gas caps. 

(d) Rapid decrease in productive capacity. 

(e) Abnormally high percentage recovery of oil from 
the Old Area at the probable expense of greatly reduced ulti- 
mate recovery from the Shallow Zone. 

(2) Multi-zone well completion methods ==- a procedure 
detrimental to maintaining good control of reservoir condi- 
tions. Completion methods during this competitive period 
called for opening up all horizons to the well-bore, regard- 
less of gas, oil or water productivity. Only about 40 per 


cent of the nearly 700 producible wells in the Shallow Zone 
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are completed in one zone only -- a fact which has preventad 
good control of reservolr flulds in the different zones and 
which has contributed to the unbalanced condition in the 
Shallow Zone. A sketch of three oarly wells is shown in 
Figure 5.5104 to illustrate this early well-completion tech- 
nique, now mainly abandoned in favor of single-zone comple- 
tions. 

(3) Off-set drilling and production practices. It was 
necessary for the Government to issue strip leases for the 
drilling of off-set wells to restrict drainage from the Re- 
sorve to neighboring developed lands outside of the Reserve. 
Some drainage occurred before the off-set wells were completed 
and some drainage probably continued after completion; also, 
the worst result was the production of great amounts of oil 
from a structure primarily set aside by Congress as a reserve 
of oil to be held in the ground for future emergency use. 

(4) Production at excessively high gas/oil ratios 
occurred in the Hay~-Carman, or central part, of the Old Area 


indicated on Figure 5-1.10? 


The resulting rapid depletion of 
reservoir energy in the form of high-pressure gas from the 
original erestal gas cap of the SS-2 and other sands led to 
lawsults which eventually shut in all of these wells in 


stages from 1925 to 1934. They remained shut in until 1944. 


The Old Area of Elk Hills is indicated on the base map 
of Figure 5-1. It was composed of the crestal, less important 


central area (Hay-Carman) and the highly productive eastern 
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FIG. 5-2, Showing the Complexity of Leases and the Off-set 
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erea (Tupman). These areas represent the development occur- 
ring prior to unitization in 1942. 


104 may be obtained some idea of the 


From Figure 5<2 
complexity of leases and large number of operators involved 
in the initial development of the Shallow Zone of the Elk 
Hills field. The operetors included those on Navy or other 
government leased land and those on fee owned or privately 
leased land. The necessity that existed for each operator 
to protect his leaso by off-set drilling is readily apparent. 
The near disastrous results to the party who was late in 
drilling his off-set wells -- a role consistently played by 
Navy -~ is shown by Figures 5-4 and 5.5, +90 

The following tabulated date givon by Sterke in his 
investigation of Navy's off-set driliing program well illus- 
trates the great loss of oil which the Government suffered 
before it could put into effect its strip-lease, off-set 
drilling program. As Starke pointed out, "The initial pro- 
ductions of wells on either sids of the south line of Section 
36 (30-24) are shown to be closely related to the dates of 


completion as shown by the following data" ¡+29 
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Vo] 6 
Characteristic Production Curves 
of Offset Wells 
showing 
TAPID DRAINAGE EFFECTED BY 
EARLY COMPLETIONS 
Elk Hills Oil Frekl, California 
Report of Eric A. Starke 
June , 1924 
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FIG. 524 





Average decline in Initial and Ultimate Productions per Well 
with respect to Relative Dates of Completion after June 1383. 
East (alt of Section 34 TIOS, RME, 


| ۱ June - 1934. 
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SETTLED INITIAL PRODUCTIONS IN ORDER 
OF DATES OF COMPLETION 





S. 0. Co. 5 £5700 Bbls P.A.P.” 1D. 300 Bbls 
9 4 5550 " 9 2D. 240 " 
2 8 6274 " 8 1 H. go * 
9 14 3834 " ë 3 D. 300 ۷ 
" 17 2777 * 8 4 D. 249 ^" 
" 15 2618 " y 2H. 1209 " 
9 29 1801 " " 4 H. 795 " 
" 50 289 " ۴ 5 D. 228 " 
9 21 199 " v 3 He 144 " 





*A Navy lessee. 
Note: Wells in the two columns above sre opposite 


one another along a section line between 
Standard's property and the Reserve. 


Naturally, ultimete production in each case of later 
completion should be less, and cumulative productions to date 
indicate that they will be. It should be stressed that most 
of the commercial development described above was on privately 
owned lands outside of the Reserve and on the off-set strip- 
leases issued by Navy. Most of the fee-owned land within the 
original boundaries of the Reserve, except for the Hay-Carman 
Area, was not developed by the private owners, thereby co- 
operating with the Navy's policy of conserving the Reserve as 
a source of oil in a future emergency. However, the detri- 
mental effects of the competitive development and production 
practices occurring in the Tupman area eventually led the 
Government to the realization that the Reserve had to be ex- 


tended so as to cover the entire oll-prodveing structure and 
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that the field should be operated and developed as a wnit. 

By an Act of Congress of 30 June 1938, ell leases were termi- 
nated and action was taken to insure that the field was main- 
tained as a Reserve. Standard was the only remaining operator 
in the area. As a step toward securing more information for 
unitization, this Company drilled thirteen exploratory wells 
in the area in 1941. Then followed the Presidential Decree of 
15 October 1942 which extended the boundaries of the Reserve 
to include all sections of the Old Area and all the known pro- 
ductive areas of the field. The reader is referred to Chapter 
VI for a review of the considerations that led Navy and 
Standard to develop and operate alli the land in the Reserve 


as a unit, effective from November, 1942. 
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DISCUSSION OF SPECIFIC PROBLEMS MENTIONED ABOVE 


Initial Reservoir Conditions in the Shallow 011 Zone 
and Results of Production Practices Prior to Unitization. The 
oil in the SS-1 reservolr was probably saturated with dissolved 
gas at approximately the original reservoir pressure (about 
1150 psi). The primary motive force to remove the oil was 
solution gas drive. As production proceeded, more gas was 
produced and reservoir pressure dropped rapidly. Gas began 
to fill part of the void space in the reservoir and gas caps 
were created. When unitization of the field finslly occurred, 
the overall average reservoir pressure in the SS-1l was very 
low except in areas of active edgewater encroschment; the 
reservoir was unbalanced; reservoir oil had shrunk and in- 
creased in viscosity upon loss of solution gas; and relative 
permeability to oil had been greatly reduced. None of the 
produced gas was returned to the SS-1 from 1919 to 1942. The 
principal driving force remaining was gravity drainage. 

The SS-2,M zones wore initially st s similar high 
reservoir pressure and with an overlying gas cap. Early pro- 
duction methods produced several billion cubic feet of gas 
from a probable crestal gas cap before any significant amount 
of oil was produced from these combined 50888. To replenish 
the gas cap, dissolved gas came out of solution with the oil. 
No attempt was made during divided or unit operation prior to 
January 1946 toward pressure maintenance of the gas cap by gas 
injection. The reservoir pressure was greatly reduced, the 


reservoir was unbalanced, the reduced reservoir pressure had 
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allowed the gas cap to expand, and a secondary gas cap was 


created. 
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Part B 
SUMMARY OF MAJOR RESERVOIR ENGINEERING PROBLEMS 
FROM NOVEMBER 1942 THROUGH DECEMBER 1945 -- THE 
WAR-TIME DEVELOPMENT AND PRODUCTION PERIOD 


The effective unitization of the field in November 1942 
and its rapid development during 1944 and 1945, and the emer- 
gency production period during which production rose from 
15,000 barrels per day to a field capacity of 71,000 barrels 


9 have been traced in Chapters III and IV. 


per day, o 

From a practical standpoint, one engineering problem 
dominated all others durins this period: the necessity to in- 
crease the field's production as rapidly es possible to the 
authorized 65,000 barrels per day in order to relieve the 
shortage of oil on the West Coast and thus help prosecute the 
war. The short time (eight months) in which the 71,000 barrel 
per day capacity was reached is a credit to the oil industry 
of California and to the engineering staff at Elk Hills com- 
posed of employees of Standard O11 Co. and members of the 
Navy. Also, the program more clearly defined the limits of 
productivity of the Shallow Oil Zone. 

The heavy withdrawals of oil and gas from the Shallow 
O11 Zone and its intensive development during the emergency 
period confirmed the presence of certain undesirable reservoir 
features and furnished evidence of new ones. Reservoir pres- 
sure had been materially reduced (250 psi drop during the 


emergency period) without an effective pressure maintenance 
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or restoration program until September 1945. The pressures in 
all productive sands of the Shallow Zone were unbalanced in 
all areas. Previously unknown secondary gas caps that were 
probably developed during the early days of competitive pro- 
duction were disclosed. Shallow 011 Zone development con- 
firmed that the eastern part of the Old Area (Tupmen) wes 
pressure depleted, that certain areas along the north and east 
sides were subject to active edgewater encroachment, and that 
Sections 31-T and 6-M were almost completely flooded with 
water. More and more Shallow Zone wells along: the north and 
east flanks were being drowned out and having to be abandoned. 

During the war some produced gas was reinjected into 
the reservoir mainly as a conservation measure since no market 
existed for the gas, rather than as e repressurins attempt, 
the net volume injected being too small to counteract the rate 
of pressure decline. In September, 1945, the gas injeetion 
progrem was intensified. The entire gas injection program 
and results to 1952 are covered in a following section of 
this chapter. 

Three other items of engineering interest during the 
World War II period were (1) the ges processing problem created 
by the large emergency production, (2) the 14-8 offset drill- 
ing and production program, and (3) the helium tracer studies. 


These items are discussec on the following pages. 
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(1) Gas Processing: The large gas production during 
the emergency period presented problema in the proper process- 
ing and disposal of the gas. For example, during the peak 
production of 31,200 MCF per day, the gas was disposed of as 
follows ¡122 


Burned as fuel for field operations 20.5% 


Sold 9,0% 
Injeeted in the Reservoir 46.44% 
Vented to the Atmosphere 24.1% 


As was mentioned above, the initial underlying purpose 
of injecting the sas was the desire to reduce the percentage 
of gas vented to the atmosphere. Also high gas production 
overloaded the facilities of the amall natural gasoline plant 
on the Reserve, requiring some gas to be reinjected without 
the processing necessary to recover its liquid hydrocarbons. 
Relatively low casoline recoveries were obtained with an aver- 
age of only 0.75 GPM whereas wet ges analysis from wells repre- 
senting all individual zones indicated that the recovery could 
have been about 2.50 GPM (gallons recovered per thousand cubic 
feet of gas), if only the butanes and heavier hydrocarbons were 
extracted. 2 Principally, as a result of the discovery and 
leter extensive development of ths Stevens Zone with an ex- 
pected high rate of sas production from this sone and also 
from the Shallow Zone in a future emergency, and partially, as 
a result of the relatively low natural gasoline recovery ob- 
tained by the old plant during the World War II emergency -- 


a modern, efficient, natural gasoline plant of 50,000 MCF 
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capacity was built in 1952 and the old plant was modernized. 
The new plant (35R) is mostly in “mothballs,"” but it can be 


completely activated in about three months time. 125 
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(2) Section 14-B Production Program 

Description: This program is an offset-ärilling and 
production project in Section 14-B on the Southwest corner of 
N.P.R. No. 1, as shown on Figure 5-6. The productive area 1s 
part of the Buena Vista Front Field, a separate and distinet 
field lying between Elk Hills to the North and Buena Vista to 
the south. 

The productive sands are the same Scalez Sands as for 
the Shallow 011 Zone; but as shown by the geologic cross 
section of Figure 2-1 the field lies on the Buena Vista struc- 
ture, not the Elk Hills structure. 

This program is under Unit Operation, but it has no 
relation to any other program pertaining to the Reserve. 

Objectives: To offset producing wells to the south and 
west on privately-owned lands outside of the Reserve as shown 
on Figure 5-6. 

Pertinent Dates: 

October 1945; First Production. The program was 
commenced after oil along the Buena Vista Front was discovered 
by private interests on adjacent lands. Production is expected 
to continue until no longer profitable which is estimated to 
be in 1964 with a probable recovery of 1,700,000 barrels. 

Action Taken: Initially five offset wells were drilled 
and put in continuous production in 1945. Subsequently eight 
more wells were added to this production by January 1953. 

Well sites for at least three more wells have been selected 


by the Unit. It is not desirable to extend the Reserve to 
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inolude all of the Buena Vista Front structure because the 
production aná reserves from the whole area are relatively 
minor and Navy's share is relatively small. Being down- 
structure, Navy is in a relatively good position to produce 
its full share of oil. 

Results: 

i. Continuous production from Section 14-B since 1945 
has given a cumulative recovery of 1,161,921 barrels by 1 
January 1954, 

2. Refer to Chapter III for yearly production values 


from 1945 through 1953. 
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(5) Helium Tracer Studies in Elk Hills 546164: 06 

Description: Upon request of the Navy Department for 
assistance in connection with a gas injection program during 
the emergency production from the field in 1945, the Bureau 
of Mines conducted helium tracer studies in a fault-block 
area of the Shallow 011 Zone as shown on Figure 5-7. Small 
percentages of helium were mixed with natural gas being pumped 
into Well 76-33-S, which was open to both the SS-1 and SS-2 
sends. Movement of the injected gas was then traced by taking 
samples of produced gas from surrounding wells in an ever- 
increasing circle and subjecting the samples to an apparatus 
capable of determining minute quantities of helium at helium 
content percentages as low as 0.0001 per cent. 

Objectives: 

1. To determine the direction and extent of migration 
of injected gas in the fault-block aree of the Shallow 1 
Zone shown on Figure 5-7. 

2. To determine the actual competency of faults previ- 
ously judged by other methods of field analysis to be fluid 
barriers. 

Inclusive Dates: May 25, 1945 until Ausust 1945. The 
program was discontinued as a result of V-J Day, when sharp 
curtailment of production prevented continuing the studies 
effectively. 

Procedure Employed: Helium was added to the in jected 
gas in two distinct periods of 14 days and 30 days duration, 
separated by a period of no helium injection for 18 days. 
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Samples were collected and analyzed from nearby wells; and as 
the heliwn appeared in these wells, additional wells at a 
greater distance from the injection well were selected for 
sampling and analysis. 

Results: 

l. By plotting helium content in the gas of each well 
against elapsed time of helium injection into the reservoir, 
as shown on Figure 5-8, it was possible to obtain a plot show- 
ing movement of injected gas throughout a large area. This 
latter plot is superimposed on the map of Figure 5-7. 

2. Some faults -- established by electric log corre- 
lations, drilling records, and bottom-hole pressure surveys 
and presumed to be competent fluid barriers -- were shown to 
be incompetent, especially at probable areas of extensive 
fracturing where faults cross. An example of a fault leak 
is marked (x) on Figure 5-7. 

3. The information obtained enabled the field enginerrs 
to improve the gas injection pattern. 

Discussion: 

Not enough time elapsed between the two periods of 
helium injection to permit differentiation betwsen the results 
obtained from the first run of gas and the results from the 
second run of gas. An appreciably longer time interval would 
be necessary in any future studies. 

With the data obtained from this study, Bureau engineers 


are attempting to determine the characteristics of the flow 
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of gases through underground reservoirs and into well bores. 
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Part C 


SUMMARY OF RESERVOIR ENGINEERING PROBLEMS 
DURING THE POST-WAR PERIOD, 1945-1953 


In August 1945, following the end of World War II, the 
emergency development and production progrem at Elk Hills was 
halted except for an Exploratory Drilling Program on the Re- 
serve which was continued. Upon orders of the Secretary of 
the Navy, production was reduced from 65,000 barrels per day 
to 15,000 barrels per day and later reduced to even lower 
rates. 

The war-time necessity for rapid development and high 
production was succeeded by the problem of restoring the Re- 
serve to the best reservoir conditions possible, 1.0., to a 
state that would permit a maximum rate of production in the 
event of another emergency with a minimum of production in the 
interim. If wo may consider the Reserve as a ship, it was to 
be placed in the best condition possible, decommissioned and 
placed in moth-balls, subjected to constant inspection and 
testing by a caretaker crew, and maintained in a state of ma- 
terial readiness such thet upon notice it could be placed in 
full operation within a minimun of time. 

To accomplish the above general objective for thse Re- 
serve, the Unit commenced a State of Readiness Program for 
the Shallow 011 Zone late in the year 1945. Insufficient 
reservoir information was available upon which a rigid 


operating policy could be based, and it was necessary for 
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the Program to include experimental production projects to 
yield this information. This program for the Shallow 011 Zone 
only -- formulated by the Operating Committee and concurred in 
by the Engineering Committee -- consisted of eight inter- 
related projects: 

1. Gas Injection 

2, Major Water Encroachment Study 

3. Minor Water Encroachment Study 

4. Dewatering and Gravitational Drainage Study 

5. Rotating Production Tests 

6. Protective Production of Wet Wells 

7. Remedial Program (started September 8, 1946) 

8. Protection of Surface Equipment 

The project areas for the first four projects listed 
above are shown on Figure 5-9... These four projects, the 
most important and most interesting from a reservoir engineer- 
ing viewpoint, are treated in some detail in succeeding sec- 
tions of this chapter. The other four are described but are 
not discussed in any detail. An excellent graphical swmery 
of the principal events and important dates relative to each 
project under this Program was presented in the Engineering 
Committee's Review of the Program and is reproduced here as 
Figure 5-10, 0 

The Operating Committee served as the supervisory body 
for the Program. The Engineering Committee served as the ad- 
visory group, reviewing all phases of the Program at least 


once each querter, and recommending changes in the Program 
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as deemed necessary by the Unit and concurred in by the 
Committee. 

The Stevens Zone was never included in the Stats of 
Readiness Program described above for the Shallow Zone. There 
was no need; for the Stevens was still essentially a virgin 
reservoir, virtually unaffected by the small production from 
its few wells drilled prior to unitization and not subjected 
to any of the ills besetting the Shallow Oil Zone. The post- 
war program for the Stevens Zone consisted mainly of an ex- 
ploratory program followed by a development program, the 
initial production testing of each new well for 30 days after 
completion and the maintenance of its wells for full production 
in an emergency. 

Running concurrently with the State of Readiness Program 
for the Shallow Zone were the Exploratory and Readiness De- 
velopment Programs, affecting both the Shallow and Stevens 
Zones and, upon discovery, the deep Carneros Zone. 

In summary, the main producing zones and the different 
programs applicable to each during this post-war period, 1945 
through 1952, are tabulated below; 


Shallow Oil Zone (A Unit Operation) 
l. State of Readiness Program -- Sept. 1945 to 1953. 
a. Gas injection 
b. Water Encroachment 
Cc. Etc. See Figure 5-10. 


2. Exploratory Development Program -- 5 July 1945 to 
October 1947. (Mostly South Flank) 
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Readiness Development Program -- 1951 to 1954. 
Equipment Maintenance Program. 
Stevens Zone (A Unit Operation) 
Rotating Production Tests 
Exploratory Program (Unit) -- 1946 to 1947. 


Readiness Development Program (Navy) -- 1948 to 
April 1954. 


Equipment Maintenance Program 
Carneros Zone (Navy Only) 


Deep Test Exploratory Drilling. Two (2) wells 
completed in Carneros by 1954. 


Equipment Maintenance Program 


Section 14-B -- Buena Vista Front (A Unit 
Operation) 


Offset-Drilling Development Program 
Protective Production Program 


Equipment Maintenance Program 


The individual projects or studies under the State of 


Readiness Program for the Shallow 011 Zone from 1945 to 1953 


are discussed separately on the following pages. 
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Gas Injection Pro ject 


Description: 
This project consisted of the reinjection of produced 


gas from the Shallow 011 Zone and/or the Mya Dry Gas Zone into 
primary crestal and secondary gas caps of particular members 
of different productive sands comprising the Shallow 011 Zone. 
During the emergency period of World War II, practical- 
ly all of the gas injected was into the SS-l sand; after the 
war, into the SS-2 and M sands. 
Figure 5-11 shows the area of the primary gas cap and 


the various injection wells. 115 


Objectives: 
Primary Objective 
1. To restore and maintain the pressure within certain 
areas and sands (mainly the SS-2 and M sands) to at least the 
pressures existing prior to the heavy World War II emergency 
withdrawals in order to 
a. Increase the oil productive capacity of this 
Zone in event of another emergency. 
b. Increase the ultimate oil recovery. 
c. Stop water encroschment on the north flank and 
east nose of the SS-2 and M sands. 
d. Stop edgewater encroachment in the SS-2 and M 
sands of the south flank in Sections 1-B, 4-6, 
5-G, 6-G. 
The prewar crestal gas-cap pressures were diat 800 


to 850 psi. 
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Secondary Objectives 
1. To conserve the gas produced under the State of 
Readiness Program, 
2, To reduce future production costs. 
Pertinent Dates: 

1. January to October, 1945: initial period of gas in- 
jection to decrease the reservoir pressure decline and to 
conserve excess casinghead gas. 

2. October 1945 to June 1952: period of intensified gas 
injection into the crestal SS-2, M gas caps under the State of 
Readiness Program; however, this pressure-restoration program 
was not effectively commenceä until 28 January 1946, 

3. September 1950 to June 1951: period of ges injection 
in Well 88-288 into a secondary gas cap within a fault block 
on the North flank. The injection well is indicated on Figure 
5-11; the secondary gas cap 18 not shown. 

4. October 1950 to February 1952: period of gas injection 
in well 77-2G into a secondary gas cap of the SS-2 sand near 
the Southeast end of the south flank. 

5. June 1952: All gas injection terminated by the Engi- 
neering Committee. ..8 
Action Taken; 

The three major divisions of the gas injection program in 
Elk Hills were the crestal gas cap injection and the two flank 
or secondary gas cap injections. These are discussed below. 


Crestal Gas-Cap Injection 


1. Over 1,700 M c.f. of produced gas, mostly excess 
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casinghead gas produced with the oil from the Shallow 011 Zone, 
was injected from March to September 1945 into nine crestal 
gas-cap wells to conserve gas and reduce the rate of reservoir 
pressure decline. Injection wells during this initial period 
were ; +12 
SS-1 Sand 76-2 

51-0 

17-348 

15XB -3453 


SS-1 and SS-2 Sands 85-335 
56-345 


88-29-10 Sand 68-318 
37-325 


2. In January 1946 under the State of Readiness Program 
an intensified crestal ges injection project was commenced. 
At rates varying from less than 1,000 M c.f. to over 10,000 M 


c.f. of gas a day, as shown on Figure 5-12,113 


gas was injected 
into the crestal ges-cap area of the SS-2,M Sand until June 
1952, when all gas injection was abandoned. Injected gas was 
composed mostly of dry gas from the Mye sands supplemented by 
some gas produced with the o11 from the Shallow 011 Zone.  In- 


jection wells used at various times were; 


S5S-1 Sand 15XB-345 (discontinued 
after a few months) 


SS-2 M Sands 68-315 
34-328 
37-328 
52-56 
84-315 
Total ges injected into the Shallow 0í1 Zone from 
January 1945 to August 1951 was about 14,578.5 uncr. 112 Most 


of the gas was injected directly into the SS-2 and M sands, 
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but migration of the zas definitely occurred between sends. 

Gas Injection on the North Flank 

For nine months, commencing in September 1950, gas was 
injected near the top of the fault block surrounding Well 
88-288, one of the wells used for injection, in an attempt to 
increase the pressure in the gas and oil bands to an amount 
equal to the pressure of the encroaching edgewater. The area 
and Well 88 are shown on Figure 5-11. 

Gas Injection on the South Flank 

For seventeen months, commencing in October 1950, gas 
was injected into a fault-isolated body of the SS-2 sand through 
Well 77-2G on the Southeast flank of the field. The purpose 
was to raise the pressure in the gas and oil belts and retard 
the rapid and damaging movement of water upstructure. 158 

The effects of these programs are discussed below under 


Results. 


Alternate Actions Proposed: 
l. Increased Ges Injection 


During the period of gas injection the question often 
arose as to whether the rate and volume of gas injected should 
be greatly increased if the program were to be successful at 
all in retarding edgewater advancement and raising field's 
productive capacity. In August 1951, in answer to & request 
from the DNPR, Navy's member of the Operating Committee issued 
& report discussing the feasibility of increased gas injection 
to level off pressure gradients and permit reduction of large 


peacetime production from wet wells. Theoretically, increased 
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gas injection should raise the reservoir pressure to equel the 
edgewater pressure, and productive capacity of the field should 
be increased. 

Basing his predictions on the results of the gas in- 
jection project up to August 1951, NMOC reached the following 
conelusions ¿+94 

a. Large scale gas injection was not desirable. The 
volume of gas required was excessive and would only 
tend to leak off more rapidly to lower pressure 
sands. Instead of reducing o11 production during 
peacetime, increased gas injected would necessitate 
increased production of more observation welis in 
order to watch the progress of an intensified sas 
injection program. 

Also, severe fingering of gas already was 
damaging the productivity of many wells. Adverse 
pressure gradients would be increased. 

b, Except for certain areas, it would be difficult to 
raise reservoir pressure sufficiently to match edge- 
water pressure, the reason being thet few sreas 
were competently seperated from other lower pressure 
areas or sands by faults or other barriers. The 
exception was the gascap in the 85-2, M sands where 
productive capacity might be increased at a loss of 
ultimate recovery due to the aggravation of the 
pressure gradient promoting oil migration along the 


south flank downstructure into the grey sands. 
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c. Loss of production from wells added to or near to the 

gas cap due to excessive zas/oil ratios would occur. 

d. It would not be possible to repressure to the extent 

desired due to connection of sands through well 
bores and faults, insufficient retaining force on 
the south flank, and possible disestrous effects of 
high pressure on old wells with weak, lap-welded 
casing. 

NMOC then recommended continuation of the limited gas 
injection project increasing reservoir pressure without con- 
flicting with good engineering practices. He also suggested 
the drilling of additional edgewater wells on the north flank 
to increase the withdrawal rate of encroaching water, possibly 
concurrentiy with limited sas injection in adaptable areas to 
help balance the pressure gradient. 


2, Increased Gas Iniection Combined with 


South Flank Water-Injection 

Another alternate action was to combine an increased cas 
injection program into the $5-2,M sands with a drilling program 
along the edgewater of the north flank to provide a greater 
production of water and a drilling program along the edgewater 
of the south flank to provide injection wells for injecting 
the high-pressure water produced on the north flank. At the 
same time it was proposed to carry out an extensive well- 
corrective program to segregate the different sands of the 
Shallow Zone. 


Theoretically, the above idea is sound; for reservoir 
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potential energy in the form of high pressure gas and water 
could be retained, reservoir pressure would be increased, 
field's productive capacity and ultimate recovery should in- 
crease, snd undesirable pressure gradients should be eliminat- 
ed. Moreover, effective use of gas cap expansion and natural 
water-drive would be possible to raise the ultimate recovery 
ef oil. 

However, actual conditions in the reservoir anà practi- 
cal and economic reasons to date heve prevented the application 
of this solution to the ills of the Shallow 011 Zone. It would 
be very expensive and the outcome doubtful. However, certain 
phases of this program are currently being accomplished, and 
a later engineering study may prove the entire program out- 
lined above economically feasible. 

Results of the Actual Program 
1. Beneficial 

a. In the westernmost area of the SS-2,M Sand, pressure 
losses which occurred during heavy wartime with- 
drawals were restored mainly by zas injection into 
well 84-315 and pressure differential between north 
and south flanks practically equalized, thus neces- 
sitating a minimum amount of o11 production from 
wet-wells. 

b. An over-all gain in current availability of the 

field had occurred, judging by the effect of the 


gas injection on productivity of all wells effected 
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by the gas injection. 
Raised the over-all reservoir pressure in the SS-2,M 


sands, as shown cn Figurs 5-12. 


Detrimental or Unsuecessful Results 


a. 


C, 


Uneven gas cap expansion with extensive gas finger- 
ing through the more permeable members had occurred, 
with gas capturing too many clean wells. 

In all cases except one (Well 84-315 injection), 
sas injection had failed to stop the encroachment 
of high pressure edgewater on the north and east 
flanks, mainly because not enough gas was injected 
to raise the g¿as-oil pressure to match the hydro- 
static pressure behind the edgewater. 

Aggravated the pressure-gradients tending to promote 
migration and possible loss of oil into the low- 
pressure, recoding edgewater sands on the south 
flank, thus reducing ultimate recovery of oil. 
Great leakage of injected gas (approximately 3500 
M.c.f. per day) occurs from the areas and sands 
(SS-2 and M) into which the gas is injected, This 
leakage occurs through incompetent faults and well- 
bores to lower pressure areas and sands (such as to 
the SS-1 Sand to the east) where additional gas and 
increased pressure are not necessarily desired, in- 
creasing the gas/oil ratio of many wells and lower- 


ing their productive capacity. This leakage is 
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Figure 5-\2.Curves showing effect of gas injection on reservoir static pressure, Shallow zone, Elk Hills field, Kern County, Calif. 


(Reprinted from BuMines Report of Investigations 4886). 
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indicated on Figure 5-12 by the drop in resorvoir 
pressure about June 1948 when the injection rete 
dropped below 3500 M.c.f. per day. 
3, Cumulative Effects and Resultant Action 
with the cumulativa effects of the gas injection program 
tending to promote losses in maximum economic ultimate recovery 
and future availability of oil from the Shallow 011 Zone, the 


gas injection project was terminated in June 1952. 
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MAJOR WATER ENCROACHMENT STUDY 


Description: 
This study formed a part of the State of Reaäiness Pro- 


gram for the Shallow 011 Zone following Worlä War II. The study 
involved virtually shutting-in for a long period of 12 to 18 
months most of the wells in an area relatively isolated and de- 
lineated by parallel and intersecting faults from the rest of 
the field. The area selected, shown on Figure 66,” was 

one subjected to a high pressure edgewater encroaching up- 
structure from the North. During the shut-in period the only 
production consisted of reduced production from several up- 
structure observetion wells to obtain necessary reservoir 
information. 

Sands primarily affected by the study were the SS-1 aná 
SS-2. However, a few new wells in the fault-block are com- 
pleted in the M and SM sands. 

Pertinent information on the fault-block is listed 
between Fizures 5-13 and 5-14. 

Objectives: 

l. To determine if an active water drive existed in 
the area selected. 

2. To determine the effects of natural up-structure 
edgewater encroachment, accompanied with minimum production 
and resultent pressure build-up, on the productive capacity 
and ultimate recovery of oil from the Shallow Oil Zone, i.e., 


to study the oil-producing efficiency of an active water drive. 
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Advas<@ of Water 


1936-1946 100 FE per year 


1946-1948: 1000 Kk, per year 


SO PERCENT WATER CUT , SHOWING 
LTS PROGRESS FROM 1926 TO 1949. 





PERTINENT INFORMATION CONCERNING FAULT-BLOCK AREA ABOVE 
CHOSEN FOR THIS STUDY 









Sands Affected Orig. Press.: Structural Closure: 













Primarily: 1125 psia at 1100 ft 
SS-15SS-2 2000 ft Sub Sea Est. Rate of 
Partially: Ave. Porosity: Water Influx: 
M; SM 34.6 1.8 Ml Bbls per Yr 
Prod. Sand Vol.: Ave. Permeability: By 1945, prior to ` 
29,000 Acre-Ft, 1 to 4 Darcys study, 2/3 of 
Orig. Stock Tank Original Water فی ہپ اس‎ had 
Oil in Place: Saturation: been flooded to 
48.6 Ml. Bbls. 50 % 50 % water cut. 
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PS — — Profiles Through the Fault-Blech Area of the Figure Abore at Different 


,7 ۸ و یوب‎ eFore and After end Dura dhe Shau’ In Period ef the Study. 
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5. To compare the results of the above study with the 


probable results that might be obtained if the encroachment 


of water had been retarded by all means available, i.e., the 


relative advantages of different production methods. 


Pertinent Dates: 


14 December 1945.--Area of active water drive selected. 


October 1946. 


January 1947- 


March 1949--- 


December 1949 


Action Taken: 


ولف s. G‏ و wm‏ جب 


Study commenced. Production greatly 
reduced. 

Shut-in period ended. Twenty-seven 
wet wells in fault block put on 

full production. 

Exploratory Well No. 77-27S completed 
in this fault-biock area. This well 
provided additional information on 
the effects of water encroachment. 
Production rate increased in an 
attempt to deweter this ares more 
rapidly. 

Production rate again increased. High 
rate of wet well production continues 


from this area, 


In brief, the procedure consisted in completely shutting 


in most of the wells in the fault block for a long period, ob- 


taining information on water encroachment and pressure build- 


up from observation wells during the shut-in period, and then 


opening the block to full production to determine the effecta 
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of the shut-in period on the productiva capacity of each well 
and ultimate recovery of oil from the fault block. 

There were 32 active oil wells in the area. The 24 
down-structure wells, with an average water/oil ratio of 5.2, 
were shut-in; about 8 up-structure wells were operated as 
observation wells, initially at their former production rates 
and later at about one-half their former rate. In December 
1947, the shut-in period ended and the wells began to be re- 
መም to production. 

Production from most of the wells in this area has been 
continueá to date as part of the Protective Production of Wet- 
well Program and in an attempt to dewater the area. When up- 
structure wells return to clean oil production for three con- 
secutive months, they are then shut-in. 

Exploratory Well No. 77-278 was drilled in this area to 
evaluate the efficiency of the active edgewater in flushing oil 
ahead of it, 1.e., to determine the state of depletion of the 
different oil sands. Since its completion in January 1947, ten 
separate sand fingers in the SS-1, SS-2, and M zones have been 
selectively eun-perforated and tested. The well was finally 
completed in two clean oil productive sand intervals of the 
8-۰ 

Shut-in periods, oil and water production rates, and 
other pertinent items are well illustrated on the graph of 
Figure 5-15. 


Alternate Actions Proposed; 
1. Remain Shut-in. Completely shut-in the fault block; allow 
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MAJOR WATER ENCROACHMENT STUDY 
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A COMPARISON OF THE PRODUCTION CHARACTERISTICS OF THE GROUP OF 
WET WELLS SHUT-IN FOR THE STUDY AT DIFFERENT PERIODS 


During Emerg. Four Months After Four መ 
Prod. Period After Return on Wet-Well 
to Prod. Prod. Program 


(June 1945) (April 1948) (1952) 


No. of Wells : 26 26 28 
Oil, Bbls/Day : 1000 375 763 
Water, Bbls/Day : 5500 5300 6236 


Water/Oil Ratio : 5.5 14.1 8.2 


Oil Prod., % of 
1945 Prod. 100 i ovo 


011 Prod., £ of 
1948 Prod. : 267 203 
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the pressure to continue building up as water encroaches; 
accept some ultimate loss of oil bypassed by water in return 
for an initially high rate of production when an emergency 
demands 1t.ll5 | 

The only fallacy in this method of recovery is that the 
expected hich rate of production failed to materialize. Theo- 
retically, it should have increased for the area as a whole; 
but when the shut-in area was put on production again, the 
productive capacity had materially decreased. 
Produce Wet-Wells (Revive old system). Operate continuously 
wet down-structure wells to decrease the up-structure edge- 
water encroachment -- the production method employed by opera- 
tors in the Tupman Area before unitization and by the Unit 
during the emergency wartime production, 115 138 

This production method was revived in 1948 and con- 
tinues to date, 


Gravity Drainage Production by Drilling More Water-Wells and 


Dewatering. Re-open fault block to production; if necessary, 

Grill additional down-structure wells in order to produce water 

at a rate sufficient to prevent up-structure water encroach- 

ment; employ gravity drainage for oil production; expect a 

much greater ultimate recovery of oil at a reduced rate over 

a longer period of time than in (1) or (2) above, 115» 138 
This production method will probably supplement om 


succeed the present production method described in (2) above. 
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Results of the Project 


l. 


2 


Observation Wells. Produetion characteristics of the obser- 
vation wells being continuously produced initially tended to 
improve. 

Rate of Water Advancement. Closing the down-structure wells 


accelerated the edgewater advancement from a previous 100 to 


125 feet per year to about 1,000 feet per year == too rapid 


5. 


4. 


5, 


6. 


for effective flushing of oil from the sands. See Fizure 13. 
Type of “ater Advancement. Edgewater advancement was very 
irregular, fingering rapidly through the more permeable 
members. Water encroachment occurred primarily through the 


SS-1 sand with only minor fingering in the SS-2 and SM sands. 


Water Cut. By the end of the shut-in period production 


from all observation wells was at least 60 per cent water -- 
some as hish as 85 per cent water. Refer to the edvance of 
the 50 per cent water-cut on Figure 5-13. 

Pressures. in general, the bottom-hole static pressures in 
the down-structure and mid-structure wells inereased con- 
siderably. However, in spite of the rapid up-dip encroach- 
ment of water, the pressures in the producing observation 
wells up-structure decreased until the normal production 
rate was halved. The average pressure increase was about 
200 psi. The change in pressure with time and well position 
is well illustrated by the pressure profile curves of Figure 
5-14. 


Production Rate. In general, as the edgewater front 
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approached a well, there was a sudden rise in pressure and 
production; but as the front passed, more water was produced 
and oil production declined -- as to be expected. 

7. State of Depletion of Reservoir Sands. Results of extensive 
production testing end core analysis of ten separate sand 
fingers in the new Well No. 77-2738 indicated that large 
quantitios of otherwise producible oil had been left behind 
by the encroached edgewater; that the more permeable sands 
(SS-1) were only water productive; tighter sands were oil 


productive. 5 


8. Productivity of Area at End of Study. After tho wells were 
placed on sustained production again in 1948, the productive 
capacity of all wells in the area was only about 46 per cent 
of the 1945 rate prior to the shut-in period. The produc- 
tion characteristics of the wet wells shut-in for the study 
are compared as a group for the period before and after the 
study in Table 5-1 below Figure 5-15. A big drop occurred 
in oil productivity of the group. 

9. Results after Return to Wet-Well Production Program. By 
January 1953 the productive capacity of the originel 26 
shut-in wells in this area had been restored to about 66 
per cent of the 1945 rate and about 177 per cent of the 
1948 rate.” 

Conclusions and Corrective Action 

l. Water Drive. Active edgewater drive definitely exists in 
this particular fault block. However, other studies have 


shown that in several areas of the Shallow Zone no active 
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water drive exists, end in other areas a receding edgewater 
exists. 

2. Inefficient. In this area of Shallow 011 Zone, oil pro- 
Guction efficiency by natural water drive appears impaired 
due to severe fingerinz of encroeching edgewater through 
the highly permeable members. The water tends to bypass 
and surround an excessive amount of residual oil. This 
method of production does not appear applicable to the 
Shallow O11 Zone. 

5. Losses. As a result of the Major Water Encroachment Study 
which permitted a too-rapid rate of edgewater advance, 
appreciable quantities of otherwise producible oil in the 
affected area were apparently bypassed, and the overall 
productive capacity of the area was abnormally reduced. 

4. Corrective Action. The wet wells were returned to the Wet- 
Well Protective Production Program and the area partially 
dewatered in order to reduce edgewater level and perheps 
restore availability of wet wells -- the production program 
still being used with some success in restoring productive 
capacity. 

Discussion; 

Natural water drive existed in the SS-1 sand as early 
as 1923 with water invasion occurring on the North and East 
flankas. A study in May, 1947, by California Research Corpora- 
tion estimated that the net rate of water entry into the fault 


block is about 1.8 million barrels per year, or about 5,000 
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berrels per day. 115 


Down-structure two-thirds of the fault block area is in 
the Old Area (Tupman). This srea was damaged early in the 
field's life by rapid depletion of reservoir energy through 
excessively high production rates, by high gas/oil ratios, and 
by unbalancing due to multi-zone completions. Some fault block 
energy has apparently been maintained by naturally encroaching 
high pressure water on the North flank. If permeabilities and 
permeability variations in the Shallow Oil Zone sands were not 
such as to promote formation of water stringers, this natural 
water drive could be employed as a very efficient oil-producing 
mechanism. 

As part of this program, as already mentioned in the 
review of the gas injection progrem, some gaa was injected up- 
structure into the apex of the fault block in an attempt to 
prevent the rapid encroachment and severe fingering of the 
hich pressure water up-structure by correcting the great pres- 
sure differential existing between the aquifer and the oil and 
ges zones. The gas injection program was unsuccessful because 
the faults proved incompetent near the apex and the gas bled 
off to areas and zones of lower pressure. 

Some objection has been raised to the procedure employed 
in this study of keeping the 8 up-estructure wells on continuous 


production. 112 It 


was felt that thé rapid water fingering 
through the more permeable sand members was aggravated by 


this production; and, if these wells had not been produced, 
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less severe fingering and a more even encroachment and better 
flushing might have resulted. Desirable reservoir data could 
have been taken at periodic intervals by intermittent produe- 
tion from different wells. 

Also, theoretically, some objection may be raised to the 
present rapid production of high pressure water, representing 
a definite loss in vital reservoir energy. Rapid production 
of high pressure gas and resultant depletion of reservoir 
energy for production of oil is no longer approved or generally 
practiced; likewise, water at high pressure is recognized more 
and more as being just as vital a source of 011-producing 
energy as gas. Nevertheless, the practical aspects and re- 
sults of this study, as have been explained, indicated this 
field to be no textbook examplej rather, 1t was the exception 
to the rule. The presence of wide variation in the permea- 
bilitiss of the sand members and the great pressure differen- 
tials existing over short distances were the main reasons the 
water drive failed. 

It is still possible that in other areas of the Shallow 
011 Zone, effective use of the active water drive may be made 
in recovering more oil during the later life of the field, 
profiting by the information and knowledge obtained from the 
Major Water Encroachment Study of 1945-1948. 

Reservoir energy may be preserved and reservoir pressure 
gradients from North to South removed by producing high pres- 


sure edgewater along the North flank and injecting it into the 
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receding or static aquifer on the South flenk, combined with 
a gas injection program into any low pressure gas or oil zones. 
To date this has not been done due to very high costs necessi- 


tated and questionable results of such a program. +98 


SELECTED REFERENCES IN THE BIBLIOGRAPHY: 


109, 112-115, 122, 125, 135, 138, 145. 
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MINOR WATER ENCROACHMENT STUDY 


Description: 
This study, similar to the Major Water Encroachment 


Study previously described, involved shutting-in four down- 
structure wells which were heavy water producers and producing 
thirteen upstructure wells as observation wells. The fault- 
block area on the northeast flank chosen for the study 1s 
shown in Figure 5-16. Only the Shallow 011 Zone was involved 
in the study. Sand primarily affected was the SS-1. 
Objectives: 

The primary objectíve was to determine the extent and 
effects of encroaching water in Section 25-8 on the productiv- 
ity characteristics of upstructure wells. 

Pertinent Dates: 

April 1945----- The study was conmenced. The four dom- 
structure wells shown ín Figure 5-16 
woro shut-in. 

December 1949--The study was abandoned. 

May 1950------- The shut-in wells were returned to pro- 
duction under the Protective Production 
of Wet Well Program. 

Results: 

1. No apparent effect of hish pressure edgewater in 
Section 25-S on upstructure observation wells was observeä, 
This fact is best illustrated by the pressure profile curves 
of Figure 5-17. 
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Miner Wuter Enccoachmant Study 


(Contour s on Scaler Marker) 


Faults 
፣ Pressure Profile Shown m Figure Below 


Shut-In Welk 


Producing (Obserration) Wells 


Permeability (Sedimentation) Barrier 





FIG. 5-16. Contour Map of Fault Block Area for Minor Water 
Encroachment Study Showing Apparent Location of Permeability 
(Sedimentation) Barrier. 
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Miner Water Encroachment Study 


PRESSURE PROFILE A-A’ 
| )- 2500 Sub Sea Level Datum. | 


FIG. 5-17. Pressure Profiles Through Area Indicated In Fig. 5-16 
and Supporting Existence of a Downstructure Barrier. 








2. No apparent movement of edgewater upstructure was 
observed. 

5. Pressures in the area increased only from 50 to 
200 psi between January 1946 and January 1950. 

Conclusions; 

l. The failure of the edgewater to move upstructure, 
despite a pressure differential of 1000 psi between the shut- 
in wells and the observation wells, indicated the presence of 
a permeability barrier between the two groups. Pressure pro- 
files like those of Figure 5-17 supported the theory of a 
permeability barrier indicated on Figure 5-16. 

2. Again, as in the Major Water Encroachment Study, 
the conclusion was reached that a natural water drive along 
the North flank of the Shallow 011 Zone was not an effective 
production method but for diametrically opposite reasons to 
the Major Study. No active water drive could function through 


a localized area of very low permeabilities. 


Discussion: 


Since the pressure in this area is neariy depleted and 
natural water drive has not proved feasible, remaining methods 
of obtsining greater productive capacity and ultimate yield 
from this area are: 

(1) Localized gas injection into the secondary gas cap 

of this fault-block. 

(2) Water flood by injecting high pressure water from 

nearby downstructure wells into wells upstructure 


of the apparent permeability barrier. 
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(3) Gravity drainage. 

The success of localized gas injection would depend upon 
the fluid competency of the faults shown on Figure 5-16, which 
as shown on the map apparently form a closure for this area. 
Pressure gradients, however, indicate the eastern fault and 
the upstructure southern fault are not pressure barriers, and 
adverse pressure gradients might be developed toward the south 
flank, contributing to the migration of oil into wet sands. 

Natural water drive having failed, an artificial water 
flood farther upstructure probably would not be attempted ex- 
cept as a secondary recovery method much later in the life of 
the field, provided economic considerations would warrant it. 

Gravity drainage, therefore, remains as the most prob- 
able means of obtaining the most production economically from 
this area. Downstructure wells which are upstructure of the 
apparent permeability barrier would be produced. This pro- 
duction should reduce the pressures in the lower area and thus 
create a potential gradient inducing the drainage of oil 


downstructure into the producing wells. 


SELECTED REFERENCES IN THE BIBLIOGRAPHY: 


112, 122, 125, 138. 
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PROTECTIVE DEWATERING AND GRAVITATIONAL DRAINAGE STUDY 


Description: 
As part of the Gravitational Drainage Study, about 25 


water wells and high water/oil ratio wells along the east 
flank of the Shallow 011 Zone in the area shown on Figure 
15-18 were produced at maximum capacity; and the effect of 
this production on 7 upstructure observation wells was studied. 
The Program was later changed to the Protective Dewatering 
Project. 

The SS-1l Sand was primarily affected. The program 
covered areas in Sections 1-G, 6M, 368, and SIT. 


Objectives: 
Initially -- 


1. To ereate a drainage gradient along the east flank 
by dewatering and then to determine the possibility 
of obtaining maximum economic ultimate oil recovery 
by gravity drainage mechanism in the Shallow 011 
Zone. 

Finally -- 

1. To prevent demage to upstructure wells by encroach- 

ing edgewater. 
Pertinent Dates; 

1 November 1945--Study commenced. 

May 1947--------- Larger pumps installed, 

April 1950------- Gravity drainage aspect of the study 

abandoned; shifted to a Protective 


Dewatering Project. 
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Action Taken: 

From 25 to 29 water wells and high water/oil ratio wells 
shown in Figure 5-18 were produced at their maximum fluid ca- 
pacity. Later larger pumps were installed and additional wells 
were added in efforts to increase the water withdrawal rate. 

Three to four clean upstructure wells were produced to 
observe the results of the heavy downstructure production on 
their productivity characteristics. 

Results; 

l. The gravity drainage aspect of the program was wun- 
successful. Even though larger pumps were installed and addi- 
tional wells were produced, still the rate of fluid withdrawal 
from the wells in this area was never creat enough to dewater 
the area and produce the necessary gradients for promoting 
gravity drainage downstructure,. As shown by the pressure pro- 
files of Figure 5-19, three years of dewatering production 
failed to produce the gradient necessary for gravity dreinage. 

2. However, the prosram did serve to reduce encroach- 
ment of hish pressure edgewater into low pressure, elean oil 
sands on the southeast flank. 

Discussion: 

The low fluid withdrawal rete is attributed to the age 
and condition of the wells -- all old ones completed in the 
1920's, and to the sand trouble attendant with high production 
rates. Some wells were in poor mechanical condition and the 


drainage channels around the well bores and liners were badly 
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clogged and sanded. The high cost of reworking these wells to 
secure better drainage and less sanding and the doubtful re- 
sults of a complete well reconditioning program sufficiently 
increasing the fluid withdrawal rate to dewater the area, 
necessitated shifting the procram to a protective dewatering 
project. 

Even if the aroa had been successfully dewatered and 
gradients promoting gravity drainage hed been created, the 
rate of drainage and resultant production rate may well have 
been too low for economic production of oil due to the rela- 
tively low structural relief of this area and the high vis- 
cosity of the gas denuded oil. The high permeabilities, 
however, in this area would tend to offset these disadvantages. 

Other areas of higher structural relief, equally good 
permeabilities, and lower rates of water encroachment might 
provide a more effective gravity drainage study, such as the 
fault-block area used for the Minor Water Encroachment Study 


previously described. 


SELECTED REFERENCES IN THE BIBLIOGRAPHY: 
112, 122, 125, 138. 
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ROTATING PRODUCTION TEST PROJECT 


Descriptions: 
This project consists of the periodic production testing 


of all wells in the Shallow 011 Zone which have producing fa- 
cilities and are not produced under one of the other projects 
of the Readiness Program. Most of the wells under this project 
are clean wells. As many as 4235 wells have been included under 
this program at one time or another. 

Objectives: 

1. To determine the mechanical condition of each well 

and its productivity characteristics. 

2. To provide information for a continuing estimate of 

the productive capacity of the field. 
Pertinent Dates: 

22 October 1945---Project initiated. 

20 April 1950----- Testing methods changed and production 
under this project curtailed on advice 
of the Engineering Committee. 

Procedure: 

Initislly, each well not being produced under another 
program was placed on maximum rate of production for a minimum 
period of JO to 11 days each year while mechanical and produc- 
tion informetion wes obtained. 

Following a review of data the testing procedure was 
altered to reduce production under this program. The wells are 


now divided into two groups, each tested differently: 
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Group I includes clean wells with little or no water 
produetion. These wells are produced every 2 years for 
5 days at good operating rates as determined by the 
Operating Committee, with the restriction that wells 

of capacities exceeding 300 barrels per day are not to 


be produced above 300 barrels per day. 


Group II includes welis increasing in water production 
and clean wells near wet wells or in areas of active 
water encroachment. These wells are produced each year 
for 8 days at good operating rates as لخ انوس اه‎ by the 
Operating Committee from the production history of each 
individual well. 


About 270 wells were produced under this project in 


Results; 


1. The project has been successful in providing ade- 


quate information concerning the mechanical operating condition 


of the wells and in supplying desirable reservoir engineering 


information on the Shallow 011 Zone. 


2. Production under this project was quite high under 


the original ten-day test procedure, reaching as high as 2900 


barrels per day. Under the present system of two groups of 


wells and test procedures, the production has been reduced to 


an average of about 700 barrels per day, a rate considered a 


minimum to provide adequate operating and production inforna- 


tion. 
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Discussion: 

Controversial aspects of this project have centered 
eround its primary objective. Is the objective to test the 
mechanical operating condition of the wells or to provide pro- 
duction and reservoir information? 

Between 1945 and 1950 emphasis seemed to be on the latter 
with lone production periods and high production rates. 

In 1950, a Navy Board convened by the Director con- 
cluded that sufficient production history had been obtained, 
that production should be curtailed, and that clean oil walls 
could be tested by bore-hole measurements without production. 

Based on a Navy directive production programs were cur- 
tailed. Emphasis was shifted to obtaining operating informa- 
tion rather than production information, resulting in a steep 
decline in production under this project. Determining the 
condition of clean oil welis by running suitable instruments 
in the hole, as recommended by the Navy Board Review, has not 
as yet been adopted. 

However, in approving the new testing methods, Standard's 
representatives did so with the reservation that an eight-day 
test period in one case and a rate restriction of 300 barrels 
per day in another test method would not yield adequate reser- 
voir information and thus reduce the effectiveness of ths pro- 
gram in protecting the Reserve and insuring maximum ultimate 
recovery. 


Since adoption of the revised testing methods, the 
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program has been followed wlth only slight variation. 
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109, 112, 122, 125, 138. 
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PROTECTIVE PRODUCTION OF WET WELLS 


Description: 
Wells of high water/oil ratios not being produced under 


other phases of the Readiness Program are produced under this 
pro ject. 

About 200 wells have been produced from time to time 
under this project. 

Objectives: 

1. To prevent losses in availability and ultimate 
recovery by protecting upstructure clean oil sands of the 
reservoir against damage by encroaching water surrounding and 
bypassing ofl, rendering it unrecoverable. 

2. To prevent water from hish pressure, wet sands 
flooding lower pressure, clean sands through the well bore of 
multi-completed wells which are wet. 

Pertinent Dates: 

September 1945: Project initiated, 
Procedure: 

3. If a well on the Rotating Production Test Program 
appears wet, it is produced for a period of 30 to 60 days. 

2. If the well remains wet at a substantially high 
water cut, it is placed on continuous production under the 
Wet Well Protective Production Program. Some wells clean up 
after the test production period or after continuous produc- 
tion. Others may be repaired and the encroaching water 


excluded. In these cases, the wells are then returned to the 
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Rotating Production Test Program. 
Results; 
General -- 
This Program may be considered relatively successful 
in its objective of retarding the invasion of clean oil sands 
by encroaching water through the well bore of wet wells and 
in retarding upstructure migration of water. 
Specific == (Results as of 1953) 
Total number of wells produced on this project: 200. 
Number of wells initially on this project: 58. 
Number of wells which cleaned up (i.e., water/oil ratio 
reduced) sufficiently after continuous production to 
be removed from this project: 54. 
Number of wells repaired (water excluded) and removed 
from this project; 61. 
Number of wells currently producing on this project: 85. 
Rate of production and cumulative production under this 


program may be found in Chapter III. 


Discussion: 


Judging by the number of initial wells on the program 
and the number produced under it currently or at one time, the 
project appears to have a snow-balling tendency. This effect 
is not necessarily the fault of the project itself; for it is 
essentially corrective in its nature, not preventative. If 
other programs fail to correct potential gradients and prevent 
water encroachment, some upstructure wells become wet and they 


are added to the Wet Well Protective Production Program. Thus 
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the damage has already been done by the time a well is put on 
this program. By the singular nature of its corrective action, 
there is little reason for the return of any well to sustained 
clean production without extensive water shut-off repairs, 
which have proved expensive and not too successful -- often 
resulting in all production being shut-off. 

When is a well wet enouch to be placed on this Program? 
Only an arbitrary answer can be used. The selection method 
has been that any well showing a 10 per cent water cut or 
producing 10 barrels of water on production tests is added to 
this program if not already on another continuous production 
program, However, this testing method is not conclusive evi- 
dence that water flooding is occurring. Also, it might serve 
unnecessarily to aggravate the unbalanced condition inducing 
the fingering of water into the well, causing more water en- 
eroschment rather than less. 

At what rate should the wet well be produced? Very 
high production usually means rapid rate of o11 withdrawal as 
well as water withdrawal; for conservation reasons this is 
not desirable. If the production rate is low, wator may be 
bypassing the well, moving upstructurs or into low pressure 
clean sands connected in the well bore. The general policy 
on production rate for wet wells has varied considerably 
during the life of this program. The initial practice of 
automatically producing a wet well at maximum fluid withdrawal 


was abandoned in favor of analyzing each case to determine the 
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best rate of production to protect the well and the reservoir. 
without excessive oil production. However, recent programs 
to be discussed have returned to the “maximum production" 


theory for wet wells, 
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REPAIR AND REMEDIAL PROJECT 


Description: 


This Project consists of the repair or abandonment of 
Shallow Zone wells. 

Objectives: 

1, To maintain wells in the best possible condition 
for prompt availability of produetion. 

2. To repair or abandon wells which constitute a hazard 
or which might damage the reservoir. 

Pertinent Dates: 

Sept. 1946 to March 1949; Period of intensive repair 

and remedial work. 

March 1949 to------------ Occasional repair work only. 
Action Taken: 

1. One hundred and eight (108) wells were repaired 
primarily to exclude water from the well bore. 

2. Ten (10) wells in the Hay-Carman area of high pres- 
sure gas were repaired and now serve as observation wells. 

3. Thirty-eight (38) wells, about 25 years old, in 
Hay-Cearman area were abandoned dus to their hazardous mechani- 
cal condition. 

Results; 

1. Repair of the 108 wells resulted in successful water 
exclusion, but also, all too often, partial or complete oil 
exclusion occurred. The net result was an overall marked 


decrease in availability. 
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2. As a result of unsuccessful repair work some wells 
had to be abandoned. 

ö. Water encroachment in the area around the repaired 
wells continued. 

4. The migration of fluids between sands was stopped 
only in the well bores of the few repaired wells. 

Conclusions and Current Actions: 

As far as guarding ageinst hazardous conditions in wells 
of bad mechanical condition, the program may be termed success- 
ful. 

As regards the repair of wells to prevent water encroach- 
ment without damaging oil productivity and to prevent the migra- 
tion of fluids between sands -- these phases of the Program 
were unsuccessful and in effect have been abandoned. 

Lack of current repair work, for which there is much 
justification or hope of success, has retarded other phases of 


this program. 


SELECTED REFERENCES IN THE BIBLIOGRAPHY: 
108, 122, 138. 








Emsey 


eligw amos Nros 19h" Iotrsanotrea: 16 ¿ivan 38 56 58 
‚henobesde er #3 وط‎ 

Feriagor qld 56ሾርጸ 8ቹናፊ 669 ذه‎ dguadeenrone inde¥ قب‎ 
„Paaren aller 

287928 som sbiune ceowjed sbipi? 9 اھ‎ a SeT | 


= |ia oer em Pn AWAN A ut t -d 


iR‘ 2ے‎ ያፍ እ ህልና santana salón اعم مم‎ Lu 
=€ vana atar gil gese ee 


a جو‎ — 
9:صافو9:‎ [to Aniwamah sucht tae 


ERS — — 
Anum et prasi dolde xol „Anm tingan همه عد موود‎ 
Yo topada radio bebusimt ልባ مج دی‎ enor! zo 9696 


ag Me ም ዘመም PY حم‎ ron سی رہ‎ —— 


































cát nm ሆህ ce Pew — 00‏ 1 سصو ا شی .رہہ 
ብ‏ ا تی صصح th ወመ‏ نه 
e ጀመ ^a |.‏ قف — —" —- 





MD A AD É ae ws A تا‎ Y IA JA 
D "0 00 8 ERIS. ወ ¡AN sof * + سے‎ 


w. Ú. AE NEL LII IMS al- 


2፡0 1 | ~ ሸበ 


7-3 


Part D 


RECENT ADDITIONAL RESERVOIR ENGINEERING PROBLEMS 
NOW IN PROGRESS OR PROPOSED AS OF 1952 


In 1952 the Operating Committee and the Engineering 
Committee concluded that drastic changes and additions were 
necessary to the State of Readiness Program for the Shallow 
Oil Zone. The Program with modifications had been in effect 
for seven years, and sufficient production and reservoir data 
were available to permit a complets reevaluation. Also, con- 
siderable additional reservoir information had become avail- 
able as a result of the extensive post-war exploratory and 
development drilling program in the Shallow Zone, especially 
along the South Plank and in the western portions of the 
Reserve. This information also indicated the urgent need 
for changes in the current Program. 

Consequently, in 1952 and 1953, the Engineering Commit- 
tee made a comprehensive review of the State of Readiness Fro- 
gram. This study culminated in the preparation by the Unit 
of a comprehensive report entitled, “Review of State of 
Readiness Program, Shallow 0il Zone, 1945-1952; Recommended 
Programs for Future Operation with Particular Reference to 
Present Losses of Availability and Ultimate Recovery. "7° 
This report, dated 27 February 1955, was submitted by the 
Engineering Committes to the Secretary of the Navy and to the 
Standard Oil Company of California. 

In brief the conclusions of the Engineering Committee 


were that "...losses in maximum economic ultimate recovery 
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and availability of production have been and are taking place 
in the Shallow 011 Zone." The present Program had not and 
could not prevent the losses, which would continue under the 
existing reservoir conditions. 

Recommendations of the Committee consisted of four 
programs designed to correct undesirable conditions. These 
programs as recommended and as approved will be covered briefly 
in the following peges. Since these programs constituted a two 
to three-fold increase in oil production, they were thoroughly 
reviewed and explained by Navy and Standard to the Congres- 
sional Committee on Naval Affairs. With a “green light" from 
Congress, tho programs with some restrictive modifications 
were finally approved by the Secretary of the Navy in the 
spring of 1953. In addition to the new programs, the following 
projects under the original State of Readiness Program were 
continued: Rotating Production Test, Repair and Remedial Work, 
Protection of Surface Equipment and to a minor extent the Pro- 
tective Production of Wet Wells. The latter project and other 
original projects under the 01d Program were mostly absorbed 


or abandoned under the four new programs now in progress. 
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S8-2 AND M SOUTH FLANK REMEDIAL PROGRAM 


Objectives: 


This program was designed to eliminate an adverse pres- 
sure gradient on the south flank of the SS-2,M sand, which 
indicated that oil was being lost by migration downdip into 
water sands. Calculations indicated that the migration was 
occurring at a rate of approximately 2 million barrels per 
year of which 50 per cent would probably be unrecoverable un- 
less additional wells were drilled. However, additional 
drilling would not be economical. 

Action: 

Commencing in June 1953 a remedial production program 
was initiated consisting of continuously producing rows of 
high pressure upstructure wells, both in the gas cap and in 
the oil zone, in order to reduce upstructure pressure and 
thereby correct the North to South pressure gradient. 
Results; 

Commencing about December 1953 the pressure gradient 
already had been corrected in certain areas along the South 
Flank. As the gradient was corrected in each area the con- 
tinuous producing wells except for some observation wells were 
removed from production. All of the area is approaching a 
balanced pressure condition. The program currently is being 
made more flexible to maintain the area in as near a static 


eondition as possible. 
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SS-1 SOUTH FLANK REMEDIAL PROGRAM 


Description: 


In essence this progrem is similar to the one described 
above for the SS-2, M South Flank. An advérse pressure cradi- 
ent from North to South exists, coupled with an apparently re- 
ceding and diminishing aquifer to the South. Extensive migra- 
tion of o11 (ebout 1.5 million barrels per year) downdip into 
the water sands is believed to be occurring as a result of the 
pressure gradient and as indicated by development well and 
production evidence. 

Action: 

To minimize this loss, an increased production program 
was initiated along the south flank as the only practical so- 
lution currently available. In addition, high gas-oil welis 
upstructure are being produced to correct the pressure gradient. 

Commencing in 1953, an electric-analogy study of the 
regional aquifer affecting the SS-1 send, particularly along 
the south flank, wes in progress by California Research 
Corporation. 

Status; 
The current status of the above program and study as 


of May 1954 is not known by the author. 
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NORTH FLANK AND EAST NOSE REMEDIAL PROGRAM 
Description: 

Results of the various water encroachment studles under 
the original State of Readiness Program convinced the Engineer- 
ing Committee that the encroachment of high pressure eágewater 
was damaging to the Shallow 011 Zone. Efforts to utilize this 
natural water drive as an effective producing force and sweep- 
ing mechanism had shown it to be inefficient for the Shallow 
Oil Zone sand with its great variation in permeability. 
Recommendations: 

With the above in mind and with heavy water encroachment 
still occurring along the North flank and East Nose, the Engi- 
neering Committee recommended an increased production program 
in these areas and the drilling of 36 new wells. The produc- 
tion was to be mainly from wet wells of high water-oil ratios 
and from all water wells. The new wells were to be drilled in 
high water-oil ratio areas, and placed on continuous production. 
The desired result was a water production rate to match the 
rate of water encroachment and thus prevent upstructure mizra- 
tion of high pressurs edgewater. 

Status; 

The exact status of this progrem as of May 1954 is not 
well known by the author. However, it is known thet many 
additional North flank and East nose wells have been placed 
on continuous production. Also, a reduced drilling program 


was approved by the Secretary of the Navy. 
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77-26 AREA (SS-2 SAND) REMEDIAL PROGRAM 


Description: 


This program is a small version of the previous program 
described for the North flank and East nose. To the southeast 
of the competent fault just north of well 77-26 the SS-2 acts 
as a separate and individual reservoir. Water encroachment 
upstructure is occurring, and efforts in 1950-1952 to stop 
it by gas injection in the secondary gas cap through well 
77-2G were not successful. 

Recommendations: 

The program as recommended by the Engineering Comnittee 
eonsisted of drilling and producing three SS-2 downstructure 
wells to retard water encroachment, putting all SS-2 weils in 
the area on produetion, and producing wells in the gas cap to 
a limited extent. 

Status: 
The program is in progress but its present status is 


not known by the author. 
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CHAPTER VI 


UNI TIZA ZION 
AND 
UNIT OPERATION 
OF 
NAVAL PETROLEUM RESERVE NO.1 


BRIEF REVIEW OP EVENTS. | 
LEADI G TO 002 ٣ 





For nearly twenty years after the discovery of oil in 
Elk Hills, Navy had not experienced much success in carrying 
out the settled policy of the Government of maintaining a 
great naval petroleum reserve in the ground. As evidenced by 
the production history of the Shallow Oil Zone, Figures 3-1 
and 3-3, production from the Elx Hills field was continuous 
and heavy; for production from privately owned lands adjacent 
to and within N.P.R. No. 1 had compelled the issuance by Navy 
of offeset leases and continuous production from them to 
restrict drainage from the Reserve. 

Finally, in 1938, Navy obtained legislation from Congress 
which enabled it to deal positively and constructively toward 
making Elk Hills a petroleum reserve in reality. This legis- 
lation was the Congressional Act of June 30, 1958 , 65 It 
authorized the Secretary of the Navy in effect either (1) to 
make satisfactory agreements with private owners on the Elk 


Hills field for the conservation of petroleum from the field; 
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or (2) in the event satisfactory agreements could not be reached, 
then he was authorized to proceed with the purchase or condemna- 
tion of all such privately owned lands or leases in K.P.H, No. 1.5 

With this Act as a backdrop, negotiations with Standard--- 
who was the only remaining owner and operator of any signi- 
ficance at the field---finally culminated in a contract of 20 
November 1942 which effectively unitized N.P.R. No. l and gave 
the Secretary of the Navy complete and final authority over 
the Reserve, 

In anticipation of the successful conclusion of the above 
contract, Navy obtained Executive Order No. 9257 from the 
President.” This order, dated 15 October 1942, extended the 
boundaries of N.P.R. No. l to include an additional 1720 
acres of public land and approximately 4000 acres of privately 
owned land, mainly Standard's fee owned and leased land on 
the Elk Hills structure. This enlargement effectively included 
the balance of the known geologic structure of the Shallow Oil 
Zone. This boundary and others during the life of the field are 
shown on Figure 1-3. 

Although this contract was never finally approved by 
Congress for legal reasons and was superceded by temporary 
agreements until the approval of the present unit Contract on 
19 June 1944, 25° the date of 20 November 1942 marks the effec- 
tive uniflcation of the Government and privately owned lands 


on M.P.R. No. l. 
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Ihe Unit Operation of N.P. i, No. 1 is carried out under 
four interrelated contracts entered into by Navy and T nv 
These contracts are discussed below. 
Unit Plan Contract, NOd 4219. 199 


On 19 June 1944 the Unit Plan Contract between the Navy 
Department and Standard Oil Company of California was approved, 
This Contract, retroactive to 20 November 1942, rescinded all 
previous temporary agreements and is the basic contract for 
the Unit development and operation of the entire N.P.R. No. 1 
(Blk Hills field). Navy and Standard are the only partici- 
pants in the Unit Operation. 

In many ways it is similar to any contract completely 
unitizing an oil field. It eliminated all competitive features 
of past operations by substituting cooperative unit development 
and production methods. Procedures were established for deter- 
mining relative participating percentages of each party in 
production receipts and costs. Methods of allocating and 
disposing of production were agreed to. And the other 
usual items---such as determination of disputes, accounting 
procedures, term of the contract, etc.---are all provided for 
in the Unit Contract. Advisory and operating committees 
established for the Unit Operation of the Reserve are discussed 
later in this chapter. 

The Unit Contract, however, is unlike any contract unitizing 


a commercial oil field among private interests only. This fact 
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will be illustrated by some of the important and interesting 
features quoted from the Contract and/or discussed in succeed- 
ing paragraphs. 

Reasons for unitization and basic provisions of the Con- 


tract are given in the following excerpts from the Recitals in 


E 
the Unit immense ri ۷ 


"(6) The following considerations have led Navy and Standard 
to conclude that the most desirable and effective means of 
protecting the Reserve and of assuring the maximum ultimate 
recovery of oil, gas, natural gasoline and associated hydro- 
carbons from the Reserve is to develop and operate all lands 
ln the Reserve &s a unit: 


(a) The Reserve is a part of a single geologic structure; 
and the practice of offset drilling has not proved 
to be an effective means of assuring to Navy its 
proper share of oil produced from the Reserve and 
does not conserve Navy's oil in the ground. 


(b) The independent development and operation of privately- 
owned lands in the Reserve, from which oil may be 
freely produced without control or restraint by 
Navy, would constitute a grave threat to the security 
of the Reserve and would impair Navy's power to 
conserve o11 ir the ground, 


(c) Navy deems it inadvisable to shut in the wells on 
Navy's lands forthwith in view of possible permanent 
damage to the wells or to the national interest in 
the ultimate economical production of oil therefrom, 
and in view of the probable drainage of oil from 
Wavy's lands in the event lands not controlled by 
Navy are developed and operated without simultaneous 
protective development and operation of Navy's lands. 


(d) The unit pian of development and operation as set out 
herein will: 


(1) Afford Navy a means ef acquiring complete 
control over the development of the entire 
Reserve and the production of oil therefrom 
in order that Navy may protect the Reserve 
and conserve in the ground all of Navy's 
share of the oil in the Reserve as well as 
a substantial portion of Standard's share 
of oil in the Reserve. 
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(ii) Make available to Standard a limited quantity 
of oil from one of its most important sources 
at a time when it is needed by Standard to 
meet its war requirements for refined petro- 
leun products in the West Coast area. 


(111) Place the Reserve in a condition of readiness 
whereby it will be able promptly to produce 
oil in substantial quantities whenever the 
strategic situation of the United States in 
the future may so require. 

(iv) Results in the eventual receipt by Navy and 
Standard, respectively, from the various 
commercially productive zones underlying the 
Reserve of the quantities of recoverable oil, 
gas, natural gasoline and associated hydro= 
carbons underlying their respective lands as 
of November 20, 1942. 


(v) Provide for the economical and efficient 
development and operation of the Reserve. 


(vi) Result in securing the maximum ultimate recovery 
of oil, gas, natural gasoline and associated 
hydrocarbons from the Reserve." 

Thus, under terms of the Contract, Navy acquired complete 
control and was finally in a position to operate the field 
as a true naval petroleum reserve. As a special consideration 
to Standard, a "primary period” was established and later 
extended during which Standard effectively received all of the 
Shallow Oil Zone production from after the war until 2 August 
1950. This production amounted to about 30 million barrels 
and was charged against Standard's ultimate share in the total 
production from the Shallow Oil Zone. 

fhe unusual but necessary provisions for the current and 
ultimate sharing of all costs are extensively discussed in 
Chapter na e 

The Contract gives the Secretary of the Navy the final 


decision in all disputes arising in connection with the Unit 
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Operation of the Reserve. Mcreover, he is the only party to 


the Contract with authority to terminate it. 


4 
Unit Operating Agreement #0d 4220 of 19 June 1944,14? 


Contingent with the signing of the Unit Plan Contract, 
Navy selectec Standard as the Operator for the Unit Operation 
of N.P.R. No. 1, and the two parties entered into an operating 
agreement, Contract NOd 4220. “his contract spells out the 
duties and responsibilities of the Operator and his relation- 
ships with Navy. It more clearly defines the duties of the 
Operating Committee; states the records and reports required; 
and outlines a specific accounting procedure to be followed. 

Whereas only Navy can cancel the Unit Plan Contract, 
either Standard or Navy may terminate the Unit Operating Agree- 
ment. In such an event, Navy would have the right to select 


another Operator. 


The Amendatory and Supplemental Agresment to the Unit Plan 


Contract, Nod 8477,+* 

On 22 December 1948, the Unit Plan Contract was amended 
and supplemented by acditional agreements. The boundaries of 
the Reserve had been extended to include some land previously 
outside of the Reserve but later found to be on the same geo- 
logic structure of Eik Hills. The agreement extended the Unit 
Operation to these additional lands. Some of the other impor- 
tant terms of this Agreement are listed below: 

(1) The primary period was extended. 

(2) The Engineering Committee was given advisory functions 


to the Operating Committee, 
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(3) Maintenance readiness costs were to be paid currently 
by Navy and Standard in sccordance with their per- 


centase receint of current production. 


6,148,152 


Supplemental and Exploratory Agreement, NOd 716 


This relatively less important of all the Contracts pro- 
vided for the drilling of a well in Section 3l-T on the east 
end of the Reserve, It was necessary to determine if oil 
sands in this region bordering on the North Coles Levee field 
were the same sands as in the Stevens Zone and thus if it would 
be necessary to extend the boundaries of the Reserve to include 
perhaps the North Coles Levee field, 

After drilling this well, It was decided that, although 
the oil productive sand was a Stevens Sand, a stratigraphie 
or other barrier apparently separated the two fields; thus 
no action was taken to extend the boundaries of the Rsserve 


farther east. 
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OPERATING CONMIU TEN 


The Unit Plan Contract created an Operating Committee 
to supervise and direct all exploration, prospecting, develop- 
ment, and producing operations on the Reserve 60 
Membership, 

The committee consists of two petroleum engineers, one 
from each of the two participants. Fach member o? the commie 
ttee must have at least ten years! experience as a petroleum 
engineer, or be a graduate engineer with at least five years 
such experience, 

Duties .+465,149 5150 

In brief, it is the responsibility of the Operating 
Committee to formulate and execute,,."plans and methods for 
developing and maintaining Naval Petroleum Reserve No. l in 
state of readiness that will make available, when the strategic 
demands of the country require, maximum production compatible 


with good engineering prac tice, "+5 


Navy's member of the Operating Committee is referred to 
by the abbreviated title N"OC, Currently, Standard's member 
of the committee is also the Field Superintendent. This 
committee meets daily, and minutes are recorded of decisions 
and plans made at sach meeting, Disagreevents are settled by 
the Secretary of the Navy. The relationships of this commi- 
ttee in the Unit Operation are shown on the organization 


diagrams of Figures 7-3 and 7-4, 
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تچ جروس ENGISEFRING‏ 


The Unit Plan Contract established a committee entitled 
the Engineering Committee to carry out eertain specifie funce 
tions under the Contract and Operating Agreement, +90 
Membership. 

The committee consists of six members, three each for 
Navy and Standard. Two of the nembers must be same members 
as for Operating Committee. The other four members must be 
petroleum engineers or geologists, with the same qualifica- 
tions as for those for members of vhe Operating Committee. 
Duties „146,150 

Specific duties are enumerated in Contracts NOd 4219 
and NOA 8477. In brief, the Engineering Committes is 
responsible for the review anc approval of certain plans and 
methods and other engineering matters as may be referred to 
it by the Operating Committee or Standard and Navy. One of 
its most important functions is the fixing of the participating 


percentages of Navy and Standard in each zone. 


The Committee now meets quarterly or more often as noces- 
sary. Formal but not cetailed minutes are recorded of each 


meeting. 
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CHAPTER VII 
ADMINISTRATION 
NAVAL PETROLEUM AND OIL SHALE RESERVES 


کے 


ORGANIZATION 


14 162 


Congress -- by an Act of 1920 as amended ~~ end 
the President -- by an Executive Order of 17 March 19279 .- 
placed the administration of the naval petrolewm and oil 
shale reserves under the authority of the Navy, and gave the 
Secretary of the Navy authority for the exploration, develop- 
ment and operation of the naval petroleum reserves only, 
sub ject to many Congressional limitations. 

In October, 1927, the Secretary of the Navy established 
the Office of Naval Petroleum and O11 Shale Reserves. The Di- 
rector of this office is an officer of the Navy, appointed by 
the Secretary of the Navy. Different gredes of officers have 
held this post; however, the billet is normally assigned to a 
Captain. The Director serves 2s s representative of the 
Secretary in executing the responsibilities of administration 
and control of the naval reserves as authorized by Congress 
and delegated by the President." His functions are somewhat 
similar to those of a bureau chief, 


General Field Organization. The seneral field organiza- 





tion of the Office of Naval Petroleum and 011 Shale Reserves 
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varies considerably, depending upon the location and extent 
of exploration and development work in progress in each Reserve 
from year to year. 

In Figure 7-1 a recent Field Organizational Chart for 
the Naval Petroleum and O11 Shale Reserves is shown. The chart 
illustrates the extent which the field organization may assume 
during years of extensive exploration and development work in 
the various Reserves, such as 1944 through 1952, as provided 
for by Congressional appropriations. By 1954, however, most 
of the exploration and development work hed been suspended 
except in Elk Hills (N.P.R. #1); and most of the field offices 
were on caretaker status or closed, as indicated by the aster- 
1sks on the Chart of Pigure 7-1. The chart also indicates the 
rank of tho officer in some of the billets at tho date of the 
chart, 

Office of the Director Naval Petroleum Reserves. Tre 
organization and staff of the Director's Office is varied by 
the Director to meet current requirements. The type of organ- 
ization and the number of civilian employees and officers on 
the staff may very widely as the exploration and development 
program in each of the reserves changes. 

The organization of this office as of January 1953 is 
shown in Figure 7-2. Even at the time exploration was in 
progress in Reserves No. 5 and No. 4 (Teapot Dome and Alaska), 
the staff was relatively small considering the work being done 
and the large funds involved. With the suspension of explora- 


tion in Teapot Dome and Alaska, the staff was redused in 1953. 
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The Senior Assistant Director also serves as the Legal Counsel. 
At present there are two other Asaistant Directors: a civil 
service petroleum engineer serving as technical edvisor and 
an officer of the supply corps as fiscal, bwiget and material 
officer. The members of the Director's steff have advisory 
functions only in connection with the operation of the Re- 
serves. Supervisory end executive control is administered by 
the Direetor for the Secretary of the Navy through the In- 
spector or Commanding Officer at each Reserve. The duties, 
relationships, and authority of each member of the Director's 
Office and of the Inspectors of the Reserves are covered in 
the ORGANIZATION MANUAL for this Office.’ 

During the years of considerable exploration and de- 
velopment activity in the petrolewa reserves, the Office was 
in Denver, Colorado =-=- a relatively central location with re- 
spect to the field activities and to the Navy Department, in 
1954, the Office was returned to Washington, D. C. 


Organization of the Naval Petroleum Reserves in 





Celifornia. The field office of the Inspector, Naval Poetro- 
leum Reserves in California, is located on N.P.R. No. l at 
Tupmen, California. The official representatives of the 
Secretary of the Navy in this office sre the Inspector and 
Nevy's Member of the Operating Committee. Through these rep- 
rosontatives, the Director, Naval Petroleum Rosorves, exercisos 
control of N.P.R. Wo. 1 (Elk Hills) and mainteing administra- 
tive contro] of Navy's leased lands in N.P.R. No. 8. 


The general Orgsnization Cnart for the Naval Petroleum 
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Reserves in California is shown in Figure 7-3. The inter- 
relationship indicated on this chart between the Inspector and 
Standard Oil Company of California as the unit operator for 

Ne P.R. No. 1 has been discussed in Chapter VI. The independent 
status and duties of tho Navy Cost Inspector aná his relation- 
ship to N.P.R. No. 1 will be explained in Chapter VIII. 

The unit operation of N.P.R. No. 1l «= with Navy and 
Standard as partners and Standard serving as the operator -- 
has been diseussed in Chapter VI. Final resolution of all dis- 
agreements between Standard and the Navy rests with the Secre- 
tary of the Navy. 

As has been shown in previous chapters, Navy has a 
minority interest in N.P.R. No. 2, controlling about 55 ver 
eent of the total land aná only about 25 per cent of the pro- 
ductive acreage; and its control over this Reserve is not as 


direct or complete as over N,P,R. No. AA 


The Inspector 
serves as the representative of the Secretary of the Navy in 
acministering the leased lands under Operating Resulations pro~ 
mulzsted jointly by the Interior and Navy Departments. Under 
these regulations, the U.S. Geological Survey performs certain 
supervisory and aecounting services for the Navy for whieh 


payment is made by transfer of funds. The Supervisor of the 





U.S.G.8. District Office, Division of O11 and Gas, in Taft, 
California, is responsible for the cauging of produced oil und 
gas from Navy leases and for determining that good oil field 
practices are followed by the lessees... "6: 177 No restrictions 


other than the latter are placed on rete of production. 
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Accounting services for royalty payments to the Navy from the 
lessees are performed by the U.S.G.S. Regional Office in Los 
Angeles. 

The INPR in C is under the military command of the 
Commandant, Eleventh Naval District. 

Office of the Inspector, Naval Petroleum Reserves in 
Californie. The composition of the administrative and techni- 
cal staff of the Office of the Inspector is shown in Figure 
7-4. The rank of the officer in each officer billet and the 
service rating and title of each civil service employee is 


given as they existed about January 1954. 


Standard's Field Organization at Elk Hills. Pursuant 


to the Unit Plan Contrect of 1944, 0 Standard was selected 


as the operator for the unit operation of Naval Petroleum Re- 
serve No. 1. Navy and Standard then entered into an Operating 


Agreement dated 19 June 1944 , 9 


retrosctive to 20 November 
1942 -- the date the Unit Operation was effectively commenced. 
In order to carry out its obligations under ths above Contract 
and Agreement, Standard established a unit operation staff, 
the base of which was its own original operating force at the 
field prior to formation of the unit operation. During the 
emergency development and production period of World Wer II, 
the unit operation required the assistance of Naval Construc- 
tion Battalions to accomplish essential survey work and road 
construction??? and several Naval Officers qualified as petro- 


leum engineers. In 1946 Standard again assvmed all duties as 


operator. 
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ORGANIZATION CHART 


Office of the Inspector, 
Naval Petroleum Reserves in Calif. 
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Standard 's field orzanization at Elx Mills as of June 
1953 is shown in Figure 7-5. The relationship of this organ- 
isation with Standard's Northern District management is also 
shown. Wavy and Standard share the expense of the unit opera- 


150 The chart 


tion steff on a participating percentage basis. 
shows two or three nwabers sfter each group of employees -- 
Standerd's accounting system for employees, The first column, 
P, indicates the number of employees on the payroll. The 
second column, B, indicates the equivalent number of full- 
time employees on the "basic" organization authorized by 
Standard's main office in San Francisco. The third column, 
circled B, lists the number of employees "authorized over the 
basic” number by Standard's Northern District Manager. If the 
actual organization is consistently running over or under 
"basic" on some employees, the basic organization is altered 
to reflect this condition. Standerd's member of the Operating 
Committee, who is currently also the field superintendent, is 
eharged with the responsibility of keeping the field force as 
small as possible and still adequate. If Navy feels that the 
field organization of the operator is inadequate or otherwise, 
desired changes may be requested by Navy's member of the 
Operating Committee through this Committee. 

The number of employees varies with the field activity. 
5166 ell of the drilling and major construction work are ac- 
complished by independent contractors, the actual work fores 
et Elk Hills at any time may be considerably greater than the 


total of Navy's and Stendard's employees. 
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JOB CLASSIFICATIONS OF PRINCIPAL NAVY 9789 


AT NAVAL PETROLEUM RESERVE NO. 1 


Inspector, Naval Petroleum Reservos in California 
(INPR in C): 


Qualifications: 


1. 


2. 


Officer of the Navy, usually a Commander or Captain; 
or civil service employee of tha Hevy with GS-14 
ratings. 

Petrolewn background necessary; petroleum engineer- 


ing degree is desirable. 


Primary Duties; 


i. 


2. 


Se 


4. 


5. 


Take custody and charge of the Petroleum Reserves 
in California on behalf of the Director. 

Insure the proper execution of contracts between 
Navy and Standard. 

Execute plans and programs to carry out the fume- 
tions of the Petroleum Reserves as approved by the 
Director Naval Petroleum Reserves (DNPR). 
Administer generally all operations on Reserves 
No. 1 and No. 2 under existing leeses, cooperating 
under a working agreement with U.S. Geological 
Survey in the edministration of N.P.R. No. 2. 
Formulate general plans for the protection, eon- 
servation, development and use of the Reserves for 
the production of petroleum therefrom and make 


recommendations to the Director with reference 





thereto. 
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6, Consult and eorrespond with Navy activities up to 
and including District level and other government 
activities of comperable authorlty. 

7. Communicate as desireä with Engineering Committee 
and Operating Committee. The Navy Member of the 
Operating Committee corresponds through the 
Inspector unless otherwise directed. 

8, Serve as Navy's representative between Navy and 
the California oil industry. 

Nevy Member of the Operating Committee muog ): 149. ue 
Qualifications: 
l. Officer or civil service employee of the Navy; 


2. 


Primary 


2. 


5, 


currently civil service employee, 608-12. 

Ten (10) years experience as a petroleum engineer, 
or a graduate engineer with at leest five (5) 
years experiance as e petroleum engineer. 

Duties: 

Represent Navy on the Operating Committee and 
Engineering Committee. 

Carry out duties of the Operating Committee as 


specified in the Unit Plan Contrect, Noa a219, 150 


anc in the Unit Operating Agreement, NOG 4290, 149 
These duties have teen discussed under "Functions 
of the Operating Committee" in Chapter VI on Unit 
Operation of N.P.R. Kos 1. 


Confer with and cerry out orders &nd instructions 
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of DUPR end INPR in C as regards unit operation of 
Elk Hills, such as consulting INPR in C before 
putting any well on production, if not previously 
scheduled. 

4, Serve as Petroleum Engineer on staff of INPR in C; 
make budget recommendations. 

5, Make various reports to the California Conservation 
Committee, such as on the MER or optimum production 
rete of the different oil zones. 

Assistant Inspector: 
Qualifications: 
i. Officer of the Navy 
2. Petroleum Engineer 
Duties: 

1. Act as chief technical adviser to the Inspector. 

2, Serve as correlation engineer for N.P.R. No. 1i. 

9. Assign snd coordinate the work of the various 
officers on the staff serving ag petroleum engi- 
neers or administrative assistants. This staff 
usually consists of one officer who is a qualified 
petrolewn engineer and an officer who serves as 
administrative assistant, 


iministrative Assistant to the Inspector: 





Qualifications: 
1. Officer of the Navy 
Duties: 


1, Expedites or initiates correspondence and reports 
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as necessary to carry out the functions of the 
Office. 

Serves as custodian of funds allocated for adminis- 
trative and technical expenses of the Office; main- 
tains a balance ledger in this respect. 

Responsible for all matters pertaining to office 
management and for supervision of all clerical 
personnel, 

Advises Inspector on status aná policies concerning 
civil service employeos. 

Assists in the administration of all leases por- 
taining to N.P.R. No. 1, 

Assists in the initiation of requests for bids or 
the negotiations of contracts for sale of gas, 
gasoline, oil, and materials. 

Other miscellaneous duties include public relations, 
transportation, seaurity, custody of all classified 
and non-classified publicetions, preperation of the 
annual report, and matters pertsining te permits 


and right-of-ways on N.P.R. Ne. 1. 
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SELECTION OF NAVY EMPLOYEES 
N.P.R. NO. 1 


The Inspeetor is responsible for the hiring and firing 
of eivilian employees on the Navy staff at N.P.R. No., l, sub- 
ject to civil service ceilings end examinations, As regards 
the NMOC, he is hired as a petroleum engineer by the Inspector. 
He then may be appointed by the Secretary of the Navy to the 
position of NOC. 

DNPR negotiates for the services of petroleum consult- 
ins firms, subject to the approval of the Secretary of the 
Navy. Often members of auch firma are appointed by DNPR to 
serve as Navy's members or alternate members on the Engineer- 
ing Advisory Committee for the Unit Operation of N.P., R. No. 1, 


subject to the approval of the Secretary of the Navy. 
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REPORTS AND RECORDS, OFFICR OF THE INSPECTOR 


NAVAL PETROLEUM RESERVES IN CALIFORNIA 


On the supposition that the reports issued and received 
by any activity often serve as an effective guide to its func- 
tions, responsibilities, and relationships -- ea akeleton list 
of most incoming and outzoins reports from this office is given 
in Table I. Attention is invited to the lerge number of dif. 
ferent addresses, a fact illustrating the complex relation- 
ships of the petroleum reserves within the Navy. Specific 
information on sach report, as to ita preparation or action 
required upon its receipt, is maintained on a card index system 
by the clerical staff at the Reserve. "Reports Issued" are 
grouped according to routine reports required by most Navy 
shore activities and to reports unique to itas functions ss a 


Petroleum Reserve. 


TABLE I 
EPORTS ISSUED BY INPR in C 








Ao 
Type Title To 
Annual 1. Officer Data Card Chief of Nav Pers 
5. Qualification Question- 
neire - Active Duty Chief of Nav Pers 
Officers 
Se Blography of Officers Chief of Rav Pers 


4, Report on Selary and Wage Chief of Industrial 
Distribution of Civilian Relations, Navy 


Employees . 
5. Position Description Review Personnel Officer, 
11th N.D, 
6. Automotives Costa and Transp, and Equip. 


Inventory Offe, llth N.D, 
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Type 


Semi-Annual 1. 
2. 


de 


Quarterly l. 


Bi -Monthly 
Monthly 


5. 
Ge 
To 
8, 
9. 
10, 
11, 


Semi-Monthly 1. 


Weekly 3. 


(Table I, continued) 
Title 


Report on Fitness of Officers 


Navy Awards and Incentives 


Plant Account Cards, Class 
Two 


Shore Duty Survey Report 
Report of Agency Hiring 
Overtime Work Performed by 
Civilian Employees and 

Cost Thereof 
Employee Development Program 


Agency Actions Under Execu- 
tive Order 10450 


Milesge Report 


Roster of Officers 
Personnel Diary 
Report of Personnel 


Expenditures Incurred on 
Travel Orders for Civilian 
and Military Personnel 
Blanket Certificate of 
Assignment of Quarters 
Civilian Employment by 
Appropriations 

Personnel Housing Facilities 
under Cognizarce of the Navy 
Reservations for Quarterly 
Allotment 

Accident Data Report 


Employees Savings 85 
Participation Data 
Government Transportation 
Requests 


Officers! Regular Pay Day 
Payments 


Personnel Diary 
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To 
BuPers 
Chief, O,I,R., 
Navy Dept. 


NSD, San Pedro, 
Calif. 


Com, llth N.D. 
U.S. Civil Service 
DNPR 


Chief, O. L. R., 
Navy Dept. 

Chief, O. T. R., 
Navy Dept. 


llth N.D. 


BuPers 

PAMI, llth N.D, 

O.I Rs, Navy 
Dept. 

D.N. P.R. 


Navy Accts. Disb. 
Off., Long Boech 
Chief, O,I.R., 
Navy Dept. 
Como lith N.D, 


Nevai Supply 
Depot, Sen Pedro 
Asst. Sec. Navy. 
Safety Div. 
Long Beach Naval 
Shipyard 
Regional Aecowmta 
Office, Weshe 
D. C. 
Yaval Accts, Disb. 
Off., Long 
Beach 


PAMI, llth H.D.; 
San Diego 


Cot £i 
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"t 0211 sort 
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(Table I, continued) 
Title 


Persounel Diary 
Military and Civilian 
Personnel 

Biography of Officers 


VALL AD 


To 


PAMI, San Diego 
DN PR 


Chief Nev. Pers. 





Quarterly 45 


Monthly 1. 


Inspector's Querterly 
Reports on N.P.R. Ro. 1 
and No. 2 

22. Production Sales and Royal- 


tien No P.R. 1 and 


No. £ 


Wo. 


Liquid Fuel Report 


Billing for Crude 011 from 
DRO o ve 


2. 
5. 
4. 


55 


6. 


7. 
8, 


9. 
10. 
11, 


Occurring 3. 


Shallow Zone 
Stevens Zone 
Carneros Zone 


Billing for Natural Gas to 
Commercial Companies, 
W,P.R. No, 1 

Produetion Under the State 
of Reaciness Program, 
N.P.R. No. 1 

Status of Funds Report, 
N.P.R. No. 1 

Verification of Unit's 
Monthly Statement of Pro- 
duction for N.P.R. No, 1 

Lessee's Monthly Report of 
Operation, N.PsR. No. 2 


Report to Property Account- 
ing Office for H,P,R, Bo. 2 


Automotive Rental, and Pay 
end Allowances Invoices 


Payment of Consulting Firms 


(Navy Members of Engineer- 
ing Committee) 


Fuel Supply Office, 
Esvy Dept. 

Naval Supply Depot, 
San Pedro 


Naval Supply Depot, 
San Pedro 


DNPR 


DEPR 
Resident ፳,ር,፲. 


DEPR 

DEPR 

Y, ®. - N,P.R, 
Ko, 1 


DNPR 


(Aa l — 


M U — 
rus — * 











TABLE II 


REPORTS RECEIVED BY INPR in C 


Typ® Title 


Annual Annual Report, U.S. Geolegical 


Survey 


Rotating Production Test Progran 

Rotating Production Test Schedule 
Shallow Oil &š Dry Gas Zone Sum- 
mary of Depth Pressure and Temp, 
Measurements ~ Elx Mills 

Depth Pressure Summary for 
Stevans Zone Wells - Elk Hills 

Galifornia Field and Pool, Max. 
Efficient Crude Prod, Rate - 
Scheduled Pools 

California Anticipated Production 
Performance ~ Unscheduled Pools 


Quarterly 


Recommended Monthly Schedule of 
Production Elk Hills Field - 
Buena Viste Field 
Monthly Monthly Engineering Report, U.S. 
Geolo;ical Survey, California 
Region 
Summary of Californie Oilfield 
Operations 
Productive Capacity Zstimetes 
for Stevens Zone Wells 
Monthly Well Production Report 
PRO-420 Elk Hille 
Resume of Operations, 27-8 
Pool Unit 
27-B Pool Statement of Produc- 
tion 
Monthly Well Production Report ፦ 
Pro 420 (27-8 Pool) 
Monthly Report, Buena Vista Hills 
27-B Pool Operations 
Kineral Industry Surveys, 
Monthly Petroleum Statement 


Distriet 5 Petroleum Statement 
No. 244-B, Statistical end 
Economic Surveys 


Ruena Vista Field, Summary of 
Produetion (Totel Barreile) 
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From 


U,8.0.8. 


Ve O. - NPR #3 
Ue 0. 9 NPR #1 
ሀ. Q. - NPR #1 


Y, om - NPR #1 
Conservation Com- 
mittee of Calif. 
011 Producers 
Conservation Cone 
mittee of Calif. 
011 Producers 
Conservation Com- 
mittee of Calif. 
Gil Producers 


۷۰8۰8.8۰ 


American Petroleum 
Institute 
U, O. + NPR #1 


Us 0. = NPR #1 


27~B Pool Operating 
Committee 

Operator +» 27-3 
Pool Unit 

Std. 011 CO.» 

San Francisco 

27-32 Poci Adminis- 
trative Group 

US. Dept. of the 
interior, Bureau 
of Mínes 

U.S. Dept. of the 
Interior, Buiines 
Petroleum Statis- 
ties Branch 

California Conser- 
vation Committee 


90-1 
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(Table IY continued ) 


Type Title From 
Monthly *enthly Summary of Production, California Conser- 
(cont, ) Elk Hills (Total Barrels) vation Committee 

Preliminary Daily Average, California Conser- 


California Crude O11 Production vation Committee 
Aetuel Production and Disposition California Conser- 
of Oil Well Gas by Fields vation Committse 


As Fractional Analysis, FPield and California Research 
Requested Analysis Data - U. O. =- NPR #1 Corporation 


As Group 27-B Pool Unit Meeting of Admin- 27-P Pool Adminis- 


Meets ^ ^ dn Group Representatives trative Group 
15 


The lists of reports required alse may serve to illus- 
trate the large number of routine Navy reports required not only 
by this Naval activity but all Naval activities. Moreover, 
issuing these reports requires the constant services of sn 
officer and a clerical staff. In spite of the efforts in recent 
years to reduce the great volume of routine reports, one cannot 
help but wonder =~ after reading these lists and perhaps re- 
calling personal experienco elsewhere in the Navy =-= whether 
"the axe to eut reports" more than seratched the surface. The 
only panacea would seem to be a groeter deissation vf authority 
to lower echelons of command and a less frequent collection of 
statistical information, which may be desirable but seldom 
urgent. 
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AWARDING OF COWTRACTS FOR THE SALE OF PETROLEUM 


“ኡ፡፡.ዐ=ው 


ACC?UINS TO NAVY FRON IPS PARTICIPATION IN TUE 


UNIT OPERATION OP W,P.m. wo, 1101, 395 


At the present time, Navy receives the major percentage 
of ell petroleum produced from the Reserve. The petroleum is 
in the form of ges, natural gasoline, ang crude oil which are 
being produced constantly, even in times of no emergency, es 
part of the development, readiness anc maintenance, and con- 
servation program in the Reserve. Consequently, Navy must 
have a means of disposing of its petroleum share. This ig 
done under contracts with civilian concerns, 

fhe Inspector at Elk Hills initiates negotiations for 
the sale of all products. He supplies information on products 
for sale such as quantity, storage, availability, specifica- 
tions, transportation facilities, period of sale and deliver- 
los -- to DEPR, who in turn makes arrangements with Navy's 
Bureau of Supplies and Accounts (BusSandA) for preparing © 
ኞችና በ BusandA provides a sample contract for revision 
by the Director or the Inspector. When the final form of the 
contract is approved by the Director, BuSandA 1lssues a notice 
of sale to all interested parties -- 1,6., to all oil com- 
panies in the vicinity on a mailing list maintained by the 
Inspector. Also, the notice of sale is advertised and posted 
at several post offices. The notice of sale, invitation to 
bid, contract form, bid form, corporete authority forn, bond 


form, and other necessary forms are mailed as e packaged wnit 
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dy Busanda and/or the Inspector's office to all oil companies 
on the Inspector's mailing list anc to additional companies 
who indicate interest in the sale. 

The notice of sale specifies the time and place for 
submitting bids. At a prearranged date and location, Nevy 
representatives of BuSandA open all sealed bids in the pres- 
ence of all bidders. All bids are announced. Representatives 
of the bidders may then bid higher or may even submit reasons 
tending to give their bid priority over all except higher bids. 
In other words, a public suction is held. 

These bids == original sealed bids and additional ones 
Rade at the auction -- are analyzed by a representative of 
BuSandA. He normally awards the contract to the hichest 
bidder. In cases of equivalent bids, one bidder may receive 
the contract due to certain supporting reasons =-=- such as an 
energeney request for an additional crude oil source to keep 
& refinery ín operation. 

In some casos BuSandA may request assistance or an 
opinion from the Inspector in determining to whom the contract 
should be awarded. Also, a representative of DEPR and INPR-in- 
C 1s normally present at the bid opening (auction) to provide 
additional information as requested by prospective bidders 
anc representatives of BuSandA. 

The Secretary of the Navy hae the right te reject any 
or all bids, 

In 1952, Navy'a petrolewm share from N.P.R. No. 1 was 


disposed of as follows: 72° 
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a, 011 from the Shallow and Stevens Zonez sold to 

Wilshire O11 Co. 
b, O81 from the Carneros Zone sold to Caminol Co. 

of Hanford, California. 
c. Gas sold to the Southern California Gas Co. 
d, Natural gasoline sold to Sunland Refining Corp. 
ጋ1 6153 ዌጅ 001 - 
ucts is handled by a naval supply activity and ia credited to 





Money received from the sale of these petr 


the Federal Government wider Miscellaneous Receipts of the 
Treasury. 
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ISSUANCE OF OUT-LEASES, REVOCABLE FERMITS, 


AND RIGHT-OF-WAYS BY INPR-IN-C 


101, 102 


OUT-LEASES. Another administrative function of the 


Inspector is the issuance of out-leases permitting the use of 


Navy land on the Roserves for various purposes not associated 


with mineral leases -- such as for grazing anc farming. 


The procedure followed in issuing one of these out- 


leases is given below: 


Do 


d, 


The Inspector may originate a notice of the avail- 
ebillty of certain land for various purposes; or an 
application for en out-lease may be received by the 
Inspector from an individual or party. 

The application ia analyzed by the Inspector's 
ateff, It is submitted with recommendations and 
necessary illustrations, such as a sketeh of the 
area, to DNPR whe in turn forwards it with addition- 
al recommendations to the Navy Department, Burean of 
Docks (BuDocks). 

Bubocks prepares the legal contract form for the 
lease, the final form veing approved by the Inspector 
and DNPR. 

Buboeks conducts the bidding by public notlee of 
availability and receives ali bids. 

Budocks selects the bidder to whom the lease is 
issued. The Contract {a signed by representatives 
of BuDocks and the applicant. 
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f, Duration: 5 years or less at which tims the lease is 
re-negotiated, The lease may be renewed with the 
previous lessee only on a year to year basis, com- 
plying with certain specified conditions. 

Two of these leases were issued in 1951 and 1952, 
amounting to a receipt of $6,157.60 by tne Federal Government. 
In 1953 renewal of a grazing lease on N.P.R. No. 1 came to 
$6,157.69; a farming lease on N.P.R, No, 2, $815. 

OIL AND GAS LEASES. There were nO outstanding oll end 
gas leases on Navy property in N.P.R. No. 1 by the enä of 1952, 


REVOCABLE PERMITS AND RIGHT-OF-WAYS. These items are 





also administered by the Inspector. They inelude right-of- 
ways across the Reserve for country roeda and pipe-lines of 
comercial companies. Permits may be Issued for such items 
as the esteblishment of churehes and schoola on the Reserve, 
eonstruotion of an automatic radio repeater station within the 
Reserve, and location of o11 field facilities of commercial 
companies on the Reserve, No charge is meade for these privl- 
leges if they are of mutual interest and/or benefit. 
The procedure for issuing these pernits and right-of- 
ways is as follows. 
a. Application is made by the interested party to the 
Inspector. 
b, The Inspector analyzea the request, mekes appropri- 
ate recommendations, and forwards it to Navy's 
Bureau of Yards and Docks (BuDdocks) vía DNPR, 


So. If BuDoeks approves the request, it will prepare 
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the legal form and return it to the applicant via 
the Director and the Inspector, either of whom may 
return the form to BuDocks with supporting reasons 


before it reaches the applicant. 


a. The applicant signs the legal form, keeping the 


originel., Copies are returned to the Inspector, 

the Director, and Bulocks, 

These permits are revocable at will by the Nevy 
within ea specified time efter notice is given the 
permit holder. Moreover, Kavy cannot be held liable 
for any accidents or other legal ection arising out 
of issuance of the permit. Consequently, the permit 
holder is required to be heavily bonded. 
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DISPOSAL OF USED EQUIPMENT 


Under the Unit Operating Agreement, Section 6(d), 
Standard as Operator hes the right and responsibility for dis- 
posing of all scrap, saivageable material, and other equipment 
belonging to the Unit Operation end determined by the Operat- 
ing Committee not to be needed and desired to be disposed of, 
Standard sells or transfers this material, subject to the 
approval of the Operating Committee. 

Payments received by Standard are retained by Standerd. 
Proper adjustment is made on the accowts of the Unit Opera- 
tion so as to give Navy its share of credit from tbe salse or 


transfer. 
INSPECTIONS BADE OF TEE RESERVES IN CALIFORNIA 


GENERAL INSPECTIONS OF THE RESERVES. Routine Inapec- 
tions of the Reserves in California are made by the Petroleum 
Committee of the Federal Munitions Board and the District 
Civil Engineer of the Eleventh Naval District. 

INDUSTRIAL PROCEDURES AWD RELATIONS AND ACCOUNTING 








METHODS. <A periodic inspection is meds of the Reserves by the 
Navy's Industrial Survey Board. 

PERSONNEL REQUIREMENTS, Personnel requirement surveys 
of Navy's staff at Elk Hills is made annually by the District 
Supply Officer of the Eleventh Havel District. | 

AUTOMOTIVE. Representatives of the Commandant, 


Eleventh Naval District, make routine inspections of all 
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automotive equipment under cognizance of the Navy et Elk Hills. 
This equipment belongs to the Eleventh Naval District and is 


assigned to the inspector. 
TRAINING 


An important activity at the Inspector's office is the 
training of various groups of naval personnel in petroleum 
production and o11 field development practices. These groups 
include naval reserve officers on annual training duty, members 
of volunteer petroleum units, and naval postzraduate students 


{1n petroleum engineering. 
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CHAPTER VIII 
ECONOMIC REVIEW 


General Review of the Economie Factors of the Naval 


Petroleum and 011 Shale Reserves Program 


In the administration and operation of Naval Petroleum 
Reserve No., l, Navy is charged by Congress with the responsi- 
bility for normally conserving the ofl in the ground, produc- 
ing as little as possible during normal times, and maintaining 
the Reserve in a stato of readiness for maximum production 
"whenever the strategic situation of the United States in the 


future may so require, "15° 


Navy's share of N.P.R. No. 2 
(Buena Vista) is being produced under leases with royalties 

to Navy. N.P.R. No. 3 has a relatively small amount of re- 
coverable oil and in no way qualifies as a petroleum reserve. 
It is more of a liability than an asset. If it were not such 
a political football, the Government probably would dispose of 
it. As regards N.P.R. No. 4 (Alaska), it 1s still commercial- 
ly unproductive after 50 million dollars for exploration. 

Only experimental work has been done in reletionship to the 
Oil Shale Reservos. 

With the status of each reserve so different and under 
the policy demanded by Congress for N.P.R. No. 1 as deseribed 
above, an economic appraisal and evaluation of this Progran, 
as if it were a commercial venture, is not strictly plausible; 


for, from a strictly financial viewpoint, the Program cannot 
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be justified. Millions of dollars 1n revenue are deferred 
annually by not producing N,P.R. No. 1. Also, some actual 
loss of assets may be occurring by the migration of oil from 
N.P.R. No. 1, which a current program is attempting to correct. 
The Naval Reserve Program is in many respects comparable to 
maintaining a combatant ship in the line: it is expensive to 
build, maintain, and operate, of Little or no commercial value 
normally, and yet it must be maintained constantly in a state 
of readiness to meet the emergencies of war. The principal 
facts to determine, then, are how efficiently is the Program 
administered, what have been the total costs and receipts, 
what has been accomplished, and what is the potential value 
in oil and money. 

Expenditures and Receipts. Over a period of 36 years 
-- fiscal year 1916 through fiscal year 1952 -- a net profit 
of $2,500,000 had been made by the Kaval Petroleum Reserve 
Program. This profit represented the difference between the 
total income, principally from the sale of Navy's share of 
oil from N.P.R. No. 1 and royalties from N.P.R. No. 2, and 
the total capital and non-capital expenditures resulting from 
the operation of the Reserve Program -- inclwlins the explore- 
tion and development of N.P.R. No. 1 to its present potential 
capacity of approximately 125,000 barrels per day and 700 
million barrels of recoverable oil, the extensive exploration 
and exploratory drilling program in N.P.R. No. 4 in Alaska, 
the exploration and partial development of N.P.R. No. 3, and 


the administration of all of the reserves. 
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Figures for the total appropriations, expenditures and 
income from 1916 through 1952 are tabulated below: 
Total Appropriations Capital  — $103,924,008 
and Non-capitel 
Total Expenditures $ 95,544,939 
Total Receipts $ 97,855,228 
Net Income to the Government $ 2,310,289 


How Efficient? This question is difficult to answer. 
The main eriticism of the Program from an economíc standpoint 
usually stems from a eriticlsm of its objectives aná purposes, 
such as the extensive exploration and drilling program con- 
ducted at great expense in Alaska. On the credit side for 
efficiency are such items as the relatively small staffs which 
the Navy has employed to administer the Program, the unit oper- 
ation and development of N.P.R. No. I to its present huge 
capacity and reserve using the best oil field practices, and 
the cooperation with the U.S. Geological Survey in the adminis- 
tration of N.P.R. No. 2. 

Potential Value. If N.P.R. No. l should be put on full 
production at 100,000 barrels per day, the Navy's share would 
be about 84,000 barrels daily with an income to the Navy from 
the oil alone of almost $202,000 daily at 1952 prices. The 
revenue from the oil, natural gasoline, and other hydrocarbons 
would give the Navy a gross income annually approximating 
$75,000,000. Over a five year period, the gross income 


annually should remain at epproximately the above value or 
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higher, depending on the price cf oil and the possibility of 
increased development and production of oi11 from the deepest 
zone, the Carneros Zone == 01l of high gravity and high value. 

The income from N.P,R. No. 2 in the form of royalties 
on all hydrocarbon products produced from government leases 
aggregated epproximately $862,000 in 1951 and $805,000 in 1952 
or nearly a million dollars esch year. Income from N.P.R. No. 
2 should continue for many years, perhaps a score or more, de- 
elining steacily each year as indiceted by the valuss above. 
The possibility of production from as yet undiscovered deeper 
zones under Navy leases would keep the royalty income high 
from N.P.R. No. 2. 

The potential values of the oil shale reserves con- 
trolled by the Navy is extremely great with the reserve of oil 
in several billions of barrels. The production of oil from 
shale is becoming more and more economically feasible with 
each passing year as oil prices and demand continue to rise. 

The potential valuss of N.P.R. No. 2 and No. 3 are 
small, and that of N.P.R. No. 4 in Alaska may be great but 
still unproved. The present economic or actual value of N.P.R. 
No. 2 to the Navy is only the present-day value of about 
3,652,000 barrels of oil, or only 3.5 per cent of the total 
recoverable reserves in N.P.R. No. 2. The value of N.P.R. No. 
3 is that of approximately 8.4 million barrels from the Second 
Wall Creek zone plus the values of an undetermined, but not 


major, eccumulation of oil in the deeper Tensleep sandstone. & 
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Appropriations, Expenditures, etc. 


ሀ. 
D. 


Breakdown of Appropriation, Expenditures, and Income 
Figures where Avallable for Each Petroleum Raserve 
from 1916 through 30 June 1952 


Naval Petroleum Reserve 


pis Hw 42179, 178 #3 44 


Appropriations. .$53,491,327 $45,265,000 


Expenditures ; 
l. Administra- 
LiMO..c..... $1,877,719 3333,562 
2. Develop., 
Oper., etc.. 
3. Total 


Expend.....» $50,968, 750 


Gross Income....$64,375,098927,379,289 $6100,841 
Net Income.....$13,406, 368 25,501,570 None 


(Note: All values were not available to the author. ) 
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Items of Economic Interest under the Unit Operation 


of Naval Petroleum Reserve No. 1 


GOSTS 


Plant Costa. Upon inception of the Unit Contract the 
respective value of Navy's share and Stendard's share of the 
plant on the Reserve was credited to each on the accounting 
records of the Unit. 

The inventory value of the plant as of 20 November 1942, 
subdivided into tangíble costs (physical propsrty such as der- 
rícks, buildings) and intengible costs (labor, fuel, power, 
etc.), is tabulated below; 


Tangible Intangible Totals 


Navy $ 826,805 $ 907,514 $1,734,319 
Standard $1,501,708 $1,582,049 $3,083,757 


$2,526,515 $2,489,565 $4,818,076 


The total plant cost of nearly 5 million dollars in 1942 
had increased to over 60 million dollars by 1954 -- approxi- 
mately 42 per cent to tangible costs and 58 per cent to in- 
tangibles. This twelve-fold gain in plant costs over a twelve 
year period, representing only a third of the field's life to 
date, is ample evidence of the intense development which the 
field has experienced under the Unit Operation. 

An actual present-day or market value of the plant has 


not been determined. 


00٦ 


3827۸10 Jig! al? pobaw „spezial ام‎ pimayers 30 seedy 
و سی ت۳۷ _38رے‎ ۸1۸2 ፤5965 qo 
* = za . 
wis ee E] 
| አ.ጻያመመ"ይዩ ወርቋ 68 46ጋፀ s4 Das ibero — má! رت‎ መ 3 829 
18 8۱٢۷ * |  መብመ፡።፣ 
me مه کم‎ dandy «m Ire — — 
EM 
as cane Clyemerg easier) siros r bear lars 
— — ፈው Y- 
ዕና 5ቴያልቤጠጠያ ጠስ)! sif 


ፅሙ «ሠ 
— سے‎ — 










































ው ብ ረ” ፡። ٠١ 
کیہ ہج‎ t tet "1. መ - 


E pp 515 0ت‎ tA | 
Zber at silto dhirtiw أ‎ toed te eas ai Darot sit 
-ያሄብጥካኘይ -> AOL ሂና eyelisb woililm Ob Tero od Deaweamat dal 
“û 54 2686 mg BÉ bae staer eldiyost od ¿eso 17 É) سد ںی‎ 
ONION م‎ 994 8,/0በ69 haig gi aisa bibe feta قاء‎ maldi ud 
es Wit EK ani Jo babar à viuo and ونوك سود‎ «balad ^ 
(#8 /:2 2/98- 4 6ቁ.2152#ኛጸቻ 88:/857።፤ mM Ja pinoro pigaan Ai الاقف‎ 
‹861#8ናጣዌ6 2220 adf sabes Dasamıireges ead bl 

wor *ህልፊባሻ 467 0 mome 79፳ናቹ፡ هه‎ nah-fgesev, Dadisa ል 
Dentursteb weed toa 





= 

















VIII-7 


Sumary of Major Cost Divisions and Subdivisions. 

Shallow 011 Zone Costs. Costs in this Zone are 
segregated under the following major subdivisions; 

(1) Operating and Development 

(2) Exploratory 

(3) Readiness Maintenance 

(4) Development Readiness 

Stevens Zone Costs. Major cost subdivisions ere: 

(1) Operating 

(2) Exploratory 

(3) Exploratory, Extended Area (Contract NOd 8477) 

(4) Development 

Carneros Zone Costs. To date all costs have been 
charged to Navy. Standard has not entered into the Unit 
Operation of this Zone as yet. 

Dry Ges Zone. Relatively little or no expenditures 


ne ann 


have been made on this zone in recent years. 

Wet Gas Handling Facilities. No definite allocation 
of costs of Wet Gas Handling Facilities between zones has been 
made to date by the Operating Committee. 

Drilling (Development) Costs. All drilling at the 
Reserve is accomplished by private Grilling contractors who 
are hired by the Unit on a competitive bid basis. They use 
their own rotary drilling equipment -- usually light portable 
riss -- and hire their own employees. 

With three different oil zones at Elk Hills under active 


development, a fair comparison of the relative drilling and 
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equipment costs at different depths and for different years 
may be obtained. Total drilling and equipment cost data as 


available for each zone is tabulated and discussed 


below. 109: 111, 125, 148 


No, of 
Wells Av. Cost Average Av, Cost Av. Cost 
Period Drilled per Well Footage per Foot per Day 


ee En CEE eee adam ۔۔-۔ .۔.‎ 


(Shallow Oil Zone) 


1946- | ------ - $48,000 ------- $12.00 $1400 
1947 
1952 39 $34,086 $048 $11.18  ----- 


(Stevens Zone ) 


$1300 $35.00 ------- | $280,000 سس -1946 
1947 

1948- 99 $125,465 6504 $18.98 |  ----- 
1951 

1952 33 $132,655 6743 $19.67 .  ----- 


(Carneros Zone) 
1952 1 $798, 874 12,856 $62.00 


(Plugged 
at 9,385) 


The unusually high cost of $220,000 for a Stevens Zone 
well in the 1946-1947 .period was the result of extensive log- 
ging, coring, testing, and prolonged fishing jobs in certain 
wells. Actually, many wells were drilled for less than 
$250,000 per well; and thus the $35.00 per foot is not a par- 


ticularly sood representative figure. 
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In analyzing the costs above it is of interest that 
during the 1946-1947 period the average cost per foot for a 
Stevens Zone well was nearly three times that for a Shallow 
Zone well while the average cost per day for the deeper well 
was actually less. 109 

Comparing cost per foot figures for each zone in 1952 
a rapid increase in costs with depth may be noted and should 
be expected. However, the $62.00 per foot for a Carneros Zone 
well is excessively high due to the extensive logging, coring, 
and testing attendant with the drilling of this deep explora- 
tory well. 

Ordinary Production and Readiness Maintenance Costs. 
With all the different prosrams simultaneously in progress in 
the Shallow O11 Zone, ordinary production cost values are dif- 
ficult to obtain for this zone. An estimate of the production 
cost for each month is obtained by applying a weighted cost 
index factor to a cost per barrel value for the base year. 

The full year prior to unitizetion was considered a normal 
year, and as such, the base year, 

The Readiness Maintenance costs are then obtained by 
subtracting the production costs caleulated by the formula 
described above from the total Shallow Zone Operating costs 147 

Since no Reediness Maintenance prozram exists for the 
Stevens Zone, production costs may be obtained directly. Some 


available production cost figures are tabulated below: 
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Av. Cost 

Zone Year per Barrel 
Shallow 1948 0.1400 
1951 0.1588 
1952 0.1610 
1953 0.1598 
Stevens 1952 0. 328 


Readiness Maintenance costs have varied but in recent 
ysars have been about equal to ordinary production costs. 


ካሃ” Most materials necessary for the Unit 


Materials. 
Operation of N.P.R. No. 1 are purchased by the Operetor through 
Standard's Purchase and Stores Department. The materials 
charged to the Unit Operation at the same price paid by 
Standard plus a fee for storage and issuing service if the 
material is stored at Standard's 11-C Camp. 

Standard's Purchasing Office in Los Angeles does all the 
purchasing for the Unit Operation. 

Storage Costs. Navy does not own any large crude oil 
storage tanks at the Reserve. Consequently, to provide the 
necessary temporary storage space required for the collection 
and gauging of Navy's share of the erude production prior to 
its being delivered to the buyer, Navy rents four tanks from 
Standard. These tanks are of approximately 45,000 barrel 
capacity and are located on Standard's Section 16-G tank 
farm, south of the Reserve. 

In 1953 the storage cost to the Navy was 40.005 per 


barrel of tank capacity per month. 
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Passenger Car and Truck Banda. 7 The Unit Operation 
owns no cars or trueks, but rents all motor vehicles from the 
Motor Transport Department of Standard located at Standard's 
11-0 Camp in Taft. 

All refined petroleum products necessary for these ve- 
hicles aná for other miscellaneous operstions are normelly 
purchaseá by the Unit from Standard. 

Miscellaneous Costs. In November, 1952, a new gas 
processing and pressure maintenance plant of 50 million cubic 
feet capacity was completed at a cost of about 5,5 million 
dollars. This 35-R Gas Plant is "mothballed" but can be acti- 
vated in three months time. This plant has never been fully 
tested. 

The older 3-G Gas Plant was repaired, overhauled, and 
modified during 1952 to more efficiently process current gas 
production and to serve as a booster station for compressing 
gas to 450 psi for delivery to the new 35-R Plant. The cost 
for this overhaul came to $555,500. 

Over 100 miles of new gathering and injection lines 
serving the Gas Plants above were lald during 1952 at a cost 
of approximately 1,5 million dollars. 

Estimated Major Coats in the Near Future. In 1954 a 
pipeline proposal was submitted to Congress for the construc- 
tion of a 14-ineh pipeline 100 miles long from Elk Hills to 
Los Angeles to deliver the field's capacity of over 100,000 
barrels per day to the refineries in case of an emergency. 

As of April 1954 no action had bsen taken by Congress on this 


item. 
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If the exploratory drilling of the deep Carneros Zone 
is continued and this zone is developed like the Stevens and 
the Shallow Zones, development costs will soar to new heights. 

As the age of the wells and associated eguipment in- 
creases, repair and replacement costs, especially for the old 
wells of 1919 to 1930 vintage, will become increasingly heavy. 
Tubing and casing will need replacing, pumping equipment will 


tend to deteriorate, and many other items will require renewal. 
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STATUS OF COSTS AND REIMBURSEMENTS 
FROW INCEPTION TO 30 JUNE 1953” 


Charged to 


Navy Standard Total 

Cherges under all contracts 
Shallow Zone (Exhibit C) $22,144,657 $7,424,543 $29,569,200 
Stevens Zone (Exhibit D) 3,576,495 2,111,061 35,487,556 
Dry Gas Zone (Exhibit E) 9,119 2,716 11,835 
Carneros Zone (Exhibit F) 838,106 «s Que 838,106 

Wet Gas Handling Facilities 
(Exhibit G) 6,084,806 8,250 6,093,056 
Deep Zone (Exhibit H) 357,854 =()= 357,854 
Totals $62,811,037 $9,546,570 $72,357,607 


(Exhibit B) (Exhibit B) (Exhibit B) 


Reimbursement of Contractor by Nevy 


Payments for appropriations: 
17X13500 (Contract NOd 4220, 
1760307 (Contract NOd 4220, 

P.V. #15 = #56 ) 7,250,000 
1760307 (Contract NOd 7166, 

P.v. #1 - #14) 256,127 
1790307 (Contract NOd 4220, 
1701307 (Contract NOd 4220, 

P.V, #64 - #87) 9,829,000 
1711307 (Contract NOd 4220, 

P.V. #79 e #93) 3,898,000 
1721307 (Contract NOd 4220, 

P.V. $93 - #116) 11,360,700 
1731307 (Contract NOA 4220, 

P.V, #116 - #127) 6,675,852 


Total reimbursements 160,167,179 
Materials and services furnished by Navy 2,643,858 


Total charged to Navy $62,811,037 





"Exhibit A from Interim Audit Report #13148 of 13 September 1953 
under Contracts NOd 4219, 4220, 3477, and 7166. 
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SUMMARY OF COSTS, ALL ZONES, FROM INCEPTION 


TO 30 JUNE 1953* 


Production expenses 


Productive wells 
Tangible well equipment 
Intangible development costs 


Unproduetive wells 
Geophysical exploration costs 


Division and lease equipment 
011 collection system 
Gas collection system 
Gas distribution system 
Electric system 
Water system 
Telephone system 
Waste water system 
Racks and platforms 
3G Gas plant 
35R Gas plant 
Buildings 
Cottages 
Garages 
Recreational facilities 
Construction equipment 
Depth pressure equipment 
Drilling and well pulling 

equipment 
Engineering equipment 
Fire equipment 
Miscellaneous equipment 
Motor equipment 
Office equipment 
Production tools 
Plant tools 


inventories 


Material transfers 


Total of Exhibits C-H incl. $62,811,037 $9,546,570 57 


> 


(Exhibit A) @xhibit A) (Exhibit A) 


Charzed to 


Navy 
$ 4,642,151 $5,284,500 4 9,926,651 


11,068,474 
32,085,515 


2,591,155 


65,135 


5,068,178 
1,897,124 


145,555 
3,092 
502,329 
14,407 
5,822 
14,804 


1,051,067 
4,030,905 


4ھ 204 
115,150 
21,136 
21,002 
11,183 
25,099 


555, 360 
2,965 
2,611 

28,955 


(987) 


17,823 
25,757 
158 
994,637 


29,965 


andard 


740,668 


2,744,631 


570,513 
16,472 
84,624 


16,182 
18,384 


(701) 


$5,043 
1,239 
789 
20,554 


8,601 
5,749 
2,595 
684 
243 
2,403 


12,727 


(33) 


5,917 
2,255 
1,112 

156 


5,642 


(29,965) 
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Total 


11,809,142 
34,830,146 


3,161,668 


79,607 


5,152,802 
1,913,306 


163,739 
2,391 
555,372 
15,646 
3,822 
15,593 


1,071,431 
4,050,905 


213,535 
118,899 
25,929 
21,686 
11,426 
25,502 


087 , 346 
965 و2 
2,578 

34,870 
1,246 
13,935 
23,895 
158 


1,000,279 


2,557,607 


*Exhib1t B from Interim Audit Report ¿13148 of the N.c.I. under 


Contracts NOd 4219, 4220, 8477, and 7166. 
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COST SHARING 


Standard pays all costs each month and is then reimbursed 
by Navy for Navy's accrued share of the expenditures after audit 
of the monthly statement by the Navy Cost Inspector. 

The Unit Plan Contract and Supplemental Agreement pro- 
vide for the ultimate sharing of all costs, except certain ex- 


ploratory costs, on the basis of participating percentages. The 


present participating percentage interests are as follows: 5 
ZONE NAVY STANDARD 
l. Dry Gas Zone 77.0492% 22.9508% 
2. Shallow 011 Zone 66.9152% 33.0848% 
3. Stevens Zone 79. 3089% 20,6911% 
4. Carneros Zone 100% (Participating percent~ 


age for Standard has 
not been established. ) 


Under the development, production and cost provisions of 
the Contract, few costs are shared currently according to the 
participating percentages listed above. 

For example, all normal operating and production costs 
for the Shallow Oil Zone are shared currently on the basis of 
production received each month by the participants. Currently 
Navy and Standard are out of balance, according to the partici- 
pating pereentages, on the production received from the Shallow 
Oil Zone. This situation resulted after the end of the World 
War Ii emergency production period. From 23 August 1945, the 


cutoff date, to the end of the extended primary period under 
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the amended contract on 2 August 1950, Standard received prac- 
tically all of the production from the Shallow Oil Zone. Navy 
is now receiving approximately 89 per cent of tho production; 

gall operating costs including Readiness Maintenance costs for 

this Zone are currently shared on the same basis. 

Exploratory, prospecting and development costs with 
certain specific exceptions are to be shared ultimately accord- 
ing to the final revised participating percentages. 150 However, 
under terms of the Contract, the cost of wells drilled by Navy 
for development, readíness and exploratory purposes are paid 
currently 100 per cent by Navy. Standard shares current costs 
only for wells drilled for immediate production as the Section 
14-B wells, or for protective or exploratory wells on which 
Standard has agreed to share the current costs. 

The cost of new facilities for increasing the gas proc- 
essing capacity, such as the new 5.5 million dollar gas plant, 
are paid currently 100 per cent by Navy, with costs to be 
shared ultimately. 

Stevens Zone operating costs are currently shared accord- 
ing to the present participating percentages listed, as is the 
production from this Zone. All costs will be ultimately shared 
according to the final revised participating percentages. 

The Carneros Zone production and expenses are still 100 
per cent Navy. As this Zone is developed and proved commer- 
clally productive, participating percentage interests will be 
established under terms of the Unit Contract, 


The best summary of cost sharing between Navy and 
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Standard is shown on Figure 8-1, which graphs cost allocations 
between Nevy and Standard from inception of the Unit Contract 
to 1 January 1954. 125 
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COST PROBLEMS 


Ultimate Payment of Costs. As of 30 June 1953, Navy 


had paid an excess of over 9 million dollars above its ultimate 
share of the total cost to date in exploring, developing, and 
operating the Reserve. 

Under the terms of the Contracts controlling the Unit 
Operation of the Reserve, this large differential was correctly 
obtained; and the Unit Contract even provides for the "ulti- 
mate" payment of any such differential, which under the terms 
of the Contract is certain to necessitate a large payment by 
Standard to Navy. Nevertheless, the nebulous manner in which 
the Contract provides for the “ultimate” payment and the rela- 
tively rapid rate at which the excess paid by Navy is growing 
have caused some concern on the part of both Standard and Navy. 
If the Stevens Zone is further developed and if it should prove 
feasible to develop the Carneros Zone extensively, the excess 
paid by Navy will soar to an excessively hish figure if this 
development is carried out during non-emergency production 
periods. However, if Carneros production is obtained only 
from under 187١5 lands, then the Carneros development may not 
affect the "excess" as the participating percentage for Standard 
will remain zero. 

To the interest of both parties, a more definite time, 
arrangement, and formula should be ceveloped for bringing costs; 
as well as production, into agreement on the participating per- 
centage basis. "Uneconomic production," as presently used in 


the Contract, should be defined more clearly. A specific 
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formula for ultimate payment would be desirable. Also, it 
would be desirable to decide now whether the changing value 

of the dollar 1s to be considered when ultimate payment is 
made; for it is unlikely that Standard will wish to make ulti- 
mate payment with a dollar at a higher value than the dollar 
value at the time of the expenditures. In other words, should 
a cost index be applied? 

A recent ruling by the Navy's Judge Advocate General, 
not seen by the writer but explained to him, apparently inter- 
prets the Contract to provide for equalization of costs as 
well as production should the field be put on full production 
and before the end of the economic life of the field. This 
ruling, if agreed to by Standard, may solve the ultimate cost 
problem to some extent, by bringing total costs as well as 
production receipts into balance during any extended period 
of full production. 

Other Pending Cost Problems. Currently pending cost 
problems of a minor and probably temporery nature which serve 
to illustrate the types of cost distributing problem constantly 
being encountered in the Unit Operation of the Reserve, are 
briefly described below: 

(1) Under mobilization preparetions Navy has paid all 
costs for plans for new buildings. The problem is 
whether or not the costs of these plans ultimately 
will be shared. 

(2) Standard as Operator has paid all costs for the 
new 35-R Gas Plant for which Navy is currently 
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obligated to reimburse Standard in full. The Navy 
Cost Inspector maintains that a final payment of 
about $6000 should not be made to Standard until 
formal acceptance of the new plant by Standard is 
given to the contractor. [Note: Plant has been 
accepted and final payment will be made in June 
1954. ] 

(3) Standard has requested surcharges be made to Unit 
Operations for a supervisory geologist not stationed 
at the Reserve and for office expenses of the super- 
visor's office. Navy Cost Inspector disapproves 
this claim for charges. 

(4) When production varies annually by three or more 
thousand barrels, a new formula must be devised for 
determining production cost per barrel. This item 
is important, for it determines how certain costs 
are distributed between Standard and Navy. 

An example of a cost problem which has recently been 

settled is the following: 

Navy drilled a deep exploratory well to hit the Carneros 

Zone, which was not found. Well was plugged back to the 
Stevens Zone and brought in as a commercially productive well. 
It was agreed that the cost of drilling and plugging from the 
plugged depth to the total depth would be charged entirely to 
Navy on its non-participating account. The cost of drilling 
to the productive Stevens Zone would be shared ultimately by 


Standard and Navy. 
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INCOME TO NAVY 

Production Shers. Under terms of the Contract, Navy 
and Standard ultimately will share in the production of petro- 
leum from each Zone according to their respective participating 
percentage interests in each Zone -- the latest revisions being 
listed under the Cost Sharing section of this chapter. 

Only the production from the Stevens Zone and Dry Gas 
Zone is currently shared on this basis. As regards the Shallow 
011 Zone production, Navy is now receiving approximately 89 per 
cent and will continue to do so until the lack of balance in 
production receipts is brought into agreement with the partici- 
peting percentages. The Carneros Zone exploration and produc- 
tion is still strictly a Navy undertakins, with Navy receiving 
all of the minor test production to date. 

Sales. As provided under the Unit Contract and ex- 
plained in Chapter VII of this report, Navy receives from the 
Operator its share of petroleum products and sells these prod- 
ucts to buyers under sales contracts obtained through competi- 
tive bidding. Sales of these products from all sones in 


calendar year 1952 amounted to over 5.5 million dollars and 


are tabulated below: ^25 
Produet Amount Sold Sales Value 
011 2,585,642.05 Bbls. %5,531,761.11 
Gas 37,468.00 MCF 5,507.36 
Gasoline 553,742.00 Gals. 39,683.98 


TOTAL 25,576,952. 45 
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In 1953, total receipts from the sale of all petroleum 
products belonging to Navy rose to 13 million dollars. All 
receipts from sales are deposited in the Treasury of the 
United States under Miscellaneous Receipts. 5 

Unit Sale Values of Products. Of reference interest 
to some individuals may be the following compilation of approxi- 
mete unit sale prices obtained by the Navy for its petroleum 


products over recent years: 


Year Av. Price per Bbl. Stock Tank Oil, Dollars 
Shallow Zone Stevens Zone Carneros Zone 
011 (SAPI) 011 (SAPI) 011 (API) 
1942” 0.9431 
1943” 0.9745 
1944-1946” 0,9786 
1947** 2.215 
1948 2.53 
1949 2,62 
1951 2.40 
1952 2.17 2.70 
19537 2.27 3.15 3.17 
Natural Gasoline and putas - Av, Price 
Ysar per Gallon, Dollars 
Natural Gasoline Butane 
1942-1943” 0.05375 0.025 
1944-1945% 0.0537 0.0373 
1946* 0.05583 0.0242 
1947** 0.0670 0.0327 
1948 0.0868 0.0237 
1949 0,0944 | | | | | ------ 
1950 0.0558 0.0550 
1951 0.0726 0.0390 
1952 0.0717 -- መመመ 
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Year Natural Gas - Av. "yj ee per M.C.F., 
Dollars?” 
1942 - 
June 1947* 0.06 
July 1947** 0.10 
1948 0.1079 
j He 
1950 O. 12-0. 14 
1951-1953 0.14 


*O.P.A. Ceiling Prices of World War II. 
So. PLA. Ceiling Prices were lifted. 
O.P.A. Coiling Prices were terminated 2/12/53. 
## some values taken from the record of product 
prices obtained by Navy for royalty products 
from N.P.R. #2. 

In 1953 1t was estímated that the value of Shallow Zone 
oil with contained gas and natural gasoline was $2.33 per 
barrel; the value of Stevens Zone oil with contained gas and 
natural gasoline, $4.07 per barrel -- nearly twice the value 


of Shallow Zone oil. 
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STATUS OF APPROPRIATIONS AS OF 30 JUNE 1953" 


Summary of All Amount of 
Appropriations Appropriation Expended Balance 


1731307 O & C | 
NPR #1 - 1953 $12,665,000.00 4 6,675,851.69 955,987,148. 1 
1721307 0 8# C 


NPR #1 - 1952 11,360,700.00 11,360,700.00 “ዑ፡ 
1711307 0 & C 
NPR #1 - 1951 3,898,000.00 53,898,000. 00 Jo 
1701307 0 & C 
NPR #3 - 1950 9,329,000.00 9,329,000.00 Qu 
1790307 © & C 
NPR #1 - 1949 8,995,000.00 8,995,000.00 e 
1760307 O & C 
NPR #1 - 1946 7,506,127.13 7,506 ,127.13 Om 
17X1300 Naval 
Emergency Fund 12,402,500.00 12,402,500.00 -e- 
Totals 666 ,154,327.15 $60,167,178.82 &5,987,148.31 


*Exhibit J from Interim Audit Report #13148 of 13 September 
1953 by NCI under Contracts NOd 4219, 4220, 8477, and 7166. 


BUDGET 

The preparation and submission of the budget for Naval 
Petrolewn Reserve No. 1 is controlled by the DNPR, who submits 
cost estimates for the operstion of all the Reserves for each 
fiscal year to the Secretary of the Navy. These cost estimetes 
are submitted 8 to 12 months before the budget for the Federal 
government is submitted to Congress. The budget for the Re- 
serves forms e part of the overall Navy Department budget sub- 
mitted by the Secretary of the Navy to the Director of the 
Budget. 
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OPERATOR!S ACCOUNTING PROCEDURES +*” 


Under Contract NOd 4220, Standard O11 Company, Producing 
Department, established a separate accounting unit at the 
Reserve to accomplish: 

(a) The determination of all costs of operation, current 
and cumulative. 

(b) The determination of quantities of production, oil, gas 
natural gasoline, and associated hydrocarbons, by zone 
and prosrams. 

This unit of about 12 employees is under the supervision of 

a chief clerk, with functional supervision through the 

Northern District Accounting Supervisor to the Manager, 

Accounting Division, Producing Department in San Francisco. 

It accomplishes its duties under the guidance of accounting 


and other pertinent manuals which are in company-wide use. 


5. At the inception of the contract, conferences were held to 


4, 


reconcile Standard's accounting procedures to Navy's account - 
ing and auditing requirements, there being only minor dif- 
ferences at that time. Similar conferences are helá 
periodically, when necessary, to revise, enlarge, or amend 
the procedures or form of data presentation, in accordance 
with the then current operational programs being accomplished 
under Contract NOd 4219. 

Standard's procedures are based on: 

(a) Cross-ent ournal vouchers sumuarizing direct or 


indirect costs. 


(b) Voucher Register. A voucher register is maintained by 


ይፅህ-ቺ፲2 
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months in which eech voucher is spread by accounts and 
prorated to the expenditure control accounts. After 
balancing, totals are posted to the general ledger. 

(ce) General Ledger. The general ledger consists of all the 
main cost accounts affecting the project together with 
such intra-company accounts affecting this activity as 
ere necessary for the operator to maintain. A trial 
balance is prepared monthly. 

(d) Work in Progress Accounts. Certain general ledger 
accounts are Work In Progress accounts; Incomplete Con- 
struction, Incomplete Wells Plant, Incomplete Development 
Costs, and Incomplote Shop Orders. On completion of wells 
or construction jobs they are closed dy journal entry 


to Plant and/or Intangible Development Costs. 


Cost Statement 


A statement of costs is prepared monthly showing costs 
for the month by zone and program with the allocation of the 
costs to Navy and Standard; the cumulative costs are simi- 


larly shown from inception to date. 


Production Costs 


A statement of production is prepared monthly showing 
the production for the month of oil, gas, and natural gaso- 
line by zone, and the allocation of the production to Navy 
and Standard; the cumulative production is similarly shown 


from inception to date, 


ኘን Pay rolls 


(a) Field. Daily time cards are prepared and signed by each 
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field employee and approved by the supervisor in charge. 
They are reviewed in the accounting office for proper 
cost distribution, summarized on a bi-weekly time sheot, 
then sent to ll-C for processing on IBM. 

(b) Office. Classified confidential and unclassified con- 
fidential payrolls are prepared in 11-C and San Francisco 
respectively, based on a semi-monthly time report pre- 
pared at this activity. 

8. Drilling Contracts 
All drilling costs, substantiated by verified contrac- 
tor's invoices, are distributed to cost accounts, and to 
subaccounts for wells, the credits to Accrued Contract 
Drilling account. Payments by San Francisco office, offset 
these credits. 
9. Material Sales 
In accordance with Contract NOd 4220, Section 6 (dad), 

Standard is required to sell scrap, materials, or equipment, 

no longer needed for current or future operations, with prior 

concurrence of the Operating Committee. The credit for these 
sales is given to the party or parties in the same percentage 


participation in which ths charge was made. 


Hine majority of the above section on Accounting Procedures 
consists of direct excerpts, not necessarily complete, from a 
mimeographed but unpublished report prepared by the Navy Cost 
Inspector, Mr. Spencer Herrick, revised about 1 July 1952. 

This report summarizes cost accounting instructions, operator's 
accounting procedures, and audit procedures. 
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COST INSPECTION 


Office Established. On 15 July 1944 the Secretary of 
the Navy established a Cost Inspection Office et Naval Petro- 
leum Reserve No. 1. Prior to this date there had been no Navy 
cost inspection service at the Reserve. Practically all costs 
from the actual inception of the unit operation in November 
1942 to June 1944 had been paid by Standard. These expendi- 
tures were credited to Standard on the Unit Operations accounts, 
and a post audit was made by the Cost Inspection Office to de- 
termine the correctness of cost allocations back to 20 November 
1942. 

Organizational Relationships of the Navy Cost Inspector 
(uc1) 47: 152 e Resident Navy Cost Inspector and his staff 
at the Reserve are under the control of the Comptroller for 
the Navy; with chain of command through the Supervisory Cost 
Inspector for the Western Arsa located in San Franeisco and 
the Supervisor in the Branch Office at Los Angeles. He is 
directly responsible to the above officials and no others. 

The Navy Cost Inspector at the Reserve (NCI), however, 
does supply information, advice, and various reports to offi- 
cials directly connected with the operation of Elk Hills. He 
provides the DNPR* and INPR in C“with copies of all fiscal 
reports, either directly or through chain of command. He 


consults with INPR in C and NXOC on the status of expenditures 


*DNPR: Director of Naval Petroleum Reserves. 


aet 
INPR in C: Inspector Naval Petroleum Reserves in California. 
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and appropriations and on the allowability of certain costs. 
On this latter item, the Operating Committee may override the 
NCI. The NCI has no relationship with such bodies as the 
Engineering Conmittes or the Eleventh Naval District. 

Staff of the Navy Cost Inspector 

World War II. During the emergency development and 
production period of the War, a joint Navy-Civil Service staff 
of about ten members, headed by a Naval Supply Corps Officer, 
made complete audits of the Operator's expenditures. 

Post-Wer. From 1945 to 1950 the number of 98 
was reduced to six; from 1950 to 1952, to three. Complete 
audits were still made but the production and drilling ectivi- 
ties hed greatly diminished. 

Current. About 1 November 1952, the Cost Inspection 
force was reduced to two members -- the Inspector (Civil Serv- 
ice Accountant, GS-12) and an assistant (GS-8). Comprehensive 
audits were instituted in lieu of complete audits. These 
changes followed an inspection by tne Navy's Industrial Survey 
Board. It was determined (1) that operations requiring audit 
had been reduced, (2) that the Operator's system of internal 
control was quite adequate, and (3) that the Operator was con- 
sidered to be of the highest integrity -- a well-earned star 
in Stendard's operation of the Reserve. The Board permits the 
NCI to continue to make comprehensive audits in lieu of com- 
plete audits as long as conditions (1), (2), and (3) above are 
met, in the opinion and judgment of the NCI. 
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Duties and Responsibilities of the Navy Cost Inspector 
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147 


l. Review the Contractor's (Standard's) accounting procedures 


De 


4. 


and system of internal control from time to time in order 

to determine their adequacy for the Navy audit. 

On all vouchers presented by Standard for Unit Operation 

charges or credits, determine the nature of and reason 

for the charge or credit, and perform the necessary audit. 

Establish specific auditing procedures for all recurring 

vouchers insuring that all expenditures are within the 

scope of the Contract. The Operating Committee may over- 
ride the NCI on the allowability of disputed costs. 

Audit Standard's monthly cost statement, reimbursement 

voucher, and other monthly reports and records. Audited 

reimbursement voucher is forwarded to the Disbursing 

Officer, Eleventh Naval District, for payment. 

Monthly, submit the following principal cost accounting 

reports to the INPR in C, such reports being forwarded 

to DNPR: 

(a) Status of Funds and Expenditures for the Fiscal Year 
as or the Last of the Month. The effect of this 
report is to give the Unit Operation staff an idea 
as to the funds still available for operation and 
Grilling costa. 

(b) Reconciliation of Costs and Reimbursements from 
Inception to the Last of the Month. 


(c) Status of Appropriations as of the Last of the Month. 
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Reports (b) and (c) cover not only eurrent monthly 
costs, reimbursements, and annual and special appro- 
priations, but also cumulative totals for these 
items sínce inception of the Unit Operation. 
Render monthly and special statements as reguired which re- 
late and coordinate operating costs with production costs. 
Seml-annuslly prepare a proof of payment schedule, 1.8., 
verification of payment of invoices with cross references 
to vouchers. 
Prepare and submit to the Navy an annual fiscal report, 
termed an Interim Audit Report, on the four inter- 
related contracts entered into by Navy and Standard. This 
report summarizes all costs, production, appropriations, 
cost allocations, and current status or funds and expendi- 
tures -- for all zones and for each zone =- from inception 
of the Unit Contract in June 1944 (rotroactive to November 


1942) to the enc of each fiscal yeer. 


Inspections or Reviews of the XCI Office. 


1, 


Annually, by the Field Supervisor of the Los Angeles Branch 


Office, who checks accounting and auditing procedures. 


2. Periodic review every 6 to 12 months, by a representative 


of the Government's independent General Accounting Office, 
who makes a detailed review cf vouchers and supporting 
statements. This audit may result in "informal inquiries," 
which, if not properly explained, load to "formel excep- 


tions" and a possible reversel of the Resident Cost 
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Accountant's decision on a certain item. Although 25 
informal inguiries have occurred, all were properly ox- 
plained and reasons accepted except in one case. The 
formal exception on this one item, however, was properly 
cleared. The last informal inquiry occurred in January 
1951, over three years ago. 

The complete absence of any uncleared formal inguiries 
and the occurrence of relatively few informal inquiries 
reflect the excellence of the cost inspection service at 
the Reserve and the high integrity and excellent account- 


ins procedures of the Operator. 


SELECTED REFERENCES IN THE BIBLIOGRAPHY 


2, 109, 111, 125, 147, 148, 150, 170, 
173. 
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I. 
GENERAL BIBLIOGRAPHY 
NAVAL PETROLEUM AND OIL SMALE RESERVES 


A. HISTORY and POLICY 

B. ORGANIZATION 

C. EXECUTIVE ORDERS 

D. LEGISLATION 

E. CONGRESSIONAL REPORTS 
P. CONGRESSIONAL HEARINGS 
G. LITIGATION 

H. CONTRACT INSTRUCTIONS 


A. HISTORY and POLICY: 


l. FERGUSON, W. He: "The Public Domain and Navel Reserves," 
Our 011 Resources, edited by L, M., Fanning, Part 1, 
Chpt. VIII, pp. 230-237, 1945. 

2. History of the Naval Petrolewn and Oil Shale Reserves. 
Issued by the Office of the Naval Petroleum Reserves. 
(Amended to March 1953. ) 

3. ISK, JOHN: "The United States O11 Policy," 1926, Chpt. 
XXV: The Naval Reserves and the Tespot Dome Investi- 
gation, p. $56. 

4. PETTENGILL, S. B.: "HOT OIL, Tho Problem of Petroleum," 
1936, Chpt. 18: Uncle Sem - Landlord, p. 188. 

&. RAGLAND, R. W.: "A History of the Naval Petroleum 
Reserves anc of the Development of the Present 
National Policy Respecting Them," May 2, 1944, 

6, TRACIE, R. G.: Elatory of the Origin and Development 
of the Navy Department's Policy Relating to Naval 
Petroleum Reserves. 1 Feb. 1953 (unpublished report 
filed in Office, DNPR, Wash., D. C.). 


Be ORGANIZATION: 


7. "Organizational Manual of the Office of the Director 
Naval Petroleum Reserves, October, 1953. 
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C, 


D, 


1-2 


EXECUTIVE ORDERS: 


8. No. 3474 of May 31, 1921 ~ Committing administration of 
Naval Petroleum Reserves to Department of Interior. 

9. No. 4614 of March 17, 1927 - Revokins Executive Order 
No, 3474 of Way 31, 1921. 


(Note: Additional Executive Orders Pertaining to Each 
Reserve Are Listed under the Selected Bibliography for 
the Respective Reserve.) 


LEGISLATION RELATING TO NAVAL PETROLEUM RESERVES: 


10. Act of Jume 25, 1910 (36 Stat. 847) "Pickett Act." An 
act to authorize the President of the United States 
to meke withdrawals of public lands in certain cases. 

ll. Act of March 2, 1911 (36 Stat. 1015). An aet to pro- 
tect the locators in good feith of oil and zes lands 
who shall have effected an actual discovery of oil or 
ges on the publie lands of the United States, or their 
successors in interest. 

12. Act of August 25, 1914 (38 Stat. 708. = Amending Act of 
March 2, 1911 to grant relief to certein cleimants. 

15. Act of February 25, 1920 (41 Stat. 437) - "Minerals 
Leasing Act. An act to promote the mining of coal, 
phosphate, oil, oil shale, ges anc sodium on the 
public domain. 

14. Act of Jue 4, 1920 (41 Stat. 813), - Naval Appropria- 
tion Act for fiscal year ending June 30, 1921. 

Vested in the Secretary of the Navy the conservation, 
care, protection and operation Of naval petrolew 
reserves. 

15. Act of February 8, 1924 (43 Stat. 5). Joint resolution 
álrecting the President to institute and prosecute 
suits to cancel certain leases of oil lands in Naval 
Petroleum Reserves and incidental contracte. 

16. Aet of February 27, 1924 (43 Stat. 16) - Joint resolu- 
tion providing an appropriation for the prosecution 
of suits to cancel certain oil and zes leases and 
incidental contracts in Naval petroleum reserves. 

17, Act of February 25, 1928 (45 Stat. 148) ~ An act vest- 
ing administration of certain leases msde pursuant 
to provisions of the Act of Feb. 25, 1920 in the 
Secretary of the Navy. 

18. Act of Hay 13, 1930 (46 Stat. 277) - Joint resolution 
authorizing settlement in case U.S. v Sinclair Crude 
O41 Purchasing Company relating to purchase of pro- 
duction by Mammoth Oil Company from Naval Petroleum 
Reserve Ko. 3 (Teapot Dome) in Wyoming. 

19. Act of June 27, 1930 (46 Stat. 822) - An act authoriz- 
ing repayment of excess payments made under oi] aná 
gas leases. 

20. Act of March 4, 1931 (46 Stat. 1523) = An act amending 
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Secs. 17 and 27 of the Act of Feb, 25, 1920 to 
authorize cooperative or unit plans of development. 


21. Act of August 9, 1935 (47 Stat. 798) - An act amending 


22. 


Aot of Feb, 25, 1920, adding Sec. 58 thereto, pro- 
viding for extension of lessee's tenure during 
approved suspensions of operations. 

Act of May 3, 1933 (48 Stat. 30) - An act authorizing 
the Attorney General with the concurrence of the 
Secretary of the Navy to release claims of the United 
States against Pan American Petrolew and Richfield 
011 Companies in connection with Judgment rendered 
against Pan American in E-G-I Case 3-11. 


“Additional Acts of Congress are listed on page B-23. 
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24. 
25. 


26. 


27, 


28. 
29. 
50. 
53. 
52, 


34. 


56. 


57. 


CONGRESSIONAL REPORTS RELATING TO NAVAL PETROLEUM RESERVES: 


No. 398 House Committee on Public Lands, re leasing 
bill $2775 66th Cong. 

No. 600 Conference Committee report on 52775. 

Report of House Committee on Appropriations re Naval 
Appropriation Act of 1921. 

No. 794 Jume 6, 1924 ~ Report of sub-committeo (Walsh 
Committee) of Senate Committee on Public Lands and 
Surveys investisating oil and gas leases made by the 
Depertment of the Interior within neval petroleum 
reserves. 

Mareh 31, 1925 ~ Report of President's (Coolidge's) 
m 011 Reserve Commission established March 25, 

924. 

No, 317 April 9, 1937 - Committee on Naval Affairs, 
U.S. Senate on 5.1131 (Act of June 30, 1938). 

No. 2672 June 9, 1938 - House Committee on Raval Affairs 
on S1131 (Act of June 30, 1938, 

No. 1529 Mey 29, 1944 - House Committee on Navel Affairs 
on HR 4771 (Aet of June 17, 1944). 

No, 948 June 5, 1944 ~ Senate Naval Affeirs Committee on 
HR 4771 (Act of June 17, 1944). 

No, 420 June 27, 1945 - Senate Committee on Naval 
Affairs on HR 3269 (Act of July 6, 1945). 

No, 846 June 30, 1945 - House Appropriations Committee 
on HR 5579 (Second deficiency Appropriation 5233 
1945) providing appropriation for exploratory drill- 
ing on Neval Petrolewm Reserve No, i. 

No. 2085 May 21, 1946 House Appropriation Committee on 
HR 6496 Naval appropriations for fiscal year 1947, 

No. 263 House Special Sub-committes on Petroleum, Com- 
mittee on Armed Services (Short Committee) 1948. 

No. 135 Part I March 27, 1953; Part IIT April 1, 1953 - 
Senate Committee on Interior ane Insular Affairs on 
S.J 13 Joint Resolution to confirm and establish the 
titles of the States to lands beneath navizable waters 
within State boundarios and to the natural resources 
within such lands. 

No, 411 Jue 15, 1953 - Senate Committee on Interior 
and Insular Affairs on S 1901 to provide for the 
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jurisdiction of the United States over submerged 
lands of the outer continental shelf, and to author- 
ize the Secretary of the Interior to lease such lands 
for certain purposes. 


CONGRESSIONAL HEARINCE INVOLVING LECISLATION AND OTHER 


MATTERS RELATING TO NAVAL PETROLEUM RESERVES: 


38, 


H.R. 24070 House Committee on the Public Lands on a 
bill to Authorize the President of the United States 
to make withdrawals of Public Lands in certain cases. 
6155 Cong. @nd Session - May 13-17, 1910. 

H.R, 31437 House Committee on the Public Lands - On a 
bill to protect the locators in good faith of oil and 
gas lands who shall have effected an actuel discovery 
of o11 or gas on the public lands of the United 
States or their successors in interest. 61st Cong. 
2rd Session June 21, 191] "Pickett Act." 

Jan. 30, 1914 House Committee on Naval Affairs = Testi- 
mony of Secretary of the Navy (Deniels) on naval 
petroleum reserves, 

S. 5434 Senete Sub-Committee of Committee on Public 
Lands on a bill to provide for the leasing of oil 
and gas lands withdrawn from entry. 63rd Cong. 2nd 
Session May 21, 22, 1914. 

S. 4898 Senate Sub-Committee of the Committee on Public 
Lands on a bill to encourage and promote the mining 
of coal, phosphate, oil, gas, potassium and sodium 
on the public domain. 65rd Cong. 2nd Session May 25, 
1914. 

H.R. 14994 House Committee on the Public Lands on a 
bill To authorize exploration for and disposition of 
oll, gas, potassium, phosphate and coal. 63rd Cong. 
2nd Session Mar 25 - Apr 3, 1914, 

Report of the Attorney General, Supplemental to annual 
report for the year 1915, upon the litisation over 
withdrarn oil lands of the United States, 

H.R. 406 Senate Committee on Public Lands on a bill To 
authorize exploration for anc disposition of coal, 
phosphate, oll, gas, potassiwa or sodium, 64th Congo 
lst Session Feb 2 - Mar 2, 1916. Supplement Apr, 24, 
1916, 

H.R. 406 Special Joint Conforence of Comiittees en 
Public Lands, United Stetes Congress. 64th Cong. 2nd 
Session Dec. 18-23, 1916. 

H.R. 406 Senate Committee on Neval Affairs. 64th Congo» 
2nd Session Jan 17-23, 1917. 

Senate Committee on Public Lands on a bill To encourage 
and promote the mining of coal, phosphate, oll, gas, 
potassium and sociwm on the public domain. 65th 
Cong. ist Session June 15 - 28, 1917, 

Senate Sub-Committee of the Committee on Neval Affairs 
on a bill To further provide for the common defense 
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50, 
51, 
22» 


55. 


54. 


55. 


56. 


57. 


53. 


59 


60. 


and general wol'fare of the United states with ro- 
spect to the production, use, and conservation of 
oll end gas lin naval petroleum reserves, and for 
other purposes, 65th Cons. 2nd Session Feb. 6, 23, 
Mar. 14, 1918, 

H.R. 3232 House Committee on the Public Lands. 

S. 2812 A b111 To authorize Exploration for anà dispo- 
sition of coal, phosphate, oll, gas, potassium or 
sodium. 65th Cong. 2nd Session Feb. 5 - Mar 5, 18918. 

S, 2775 House Committee on the Public Lands on a bill 
To promote the mining of coal, phosphate, ofl, oil 
shale, gas and sodium on the public domain. 66th 
Conzress Oct. 6 > 8, 1919. 

S. Doc, No. 210, June 3, 1922, Message from the Presi- 
dent of the United States transmitting in response to 
a Senate Resolution of Apr. 29, 1922, A communication 
from the Secretary of the Interior submitting infor- 
mation concerning the Naval Roserve oil leases. 

S. Res., 282, S8. Res. 294, and S. Res. 434 Senate Com- 
mittee on public lands and surveys on resolutions 
Providing for an investigation of the leases upon 
Naval 011 Reserves. Det. 22 - Doc, 27, 1923, Jan. 

3 ከጠ Feb. 11, 1924, 

H. Res, 204 House Committee on Neval Affairs a resolu- 
tion on Informetion requested of the Secretary of the 
Navy (Dec. 101) re leases on naval petroleum reserves. 
Mer. 7, 1924. 

H. Doc. 139 Jan. 30, 1924 House Committse on Naval 
Affairs on a Hearing on Navel 011 Leeses under the 
Act of June 4, 1920. 

H. Doc. 139 Jan. 24, Feb, 5, 4, 1928 Senate Committee 
on Public Lands and Surveys on Lsasea upon Neval Oil 
Reserves. 

H.R. 11617 House Committee on Naval Affairs on a bill 
For the conservation, care, custody, protection, and 
operation of naval petrolewm and oii shale reserves 
and for other purposes. Mar. 23, 27, 1928. 

S, 1129 Senate Committee on Naval Affairs on a bill 
To authorize the Secretary of the Interior to accept 
from the State of Utah title to a certain State 
owned section of land and to patent other land to 
the State in lieu thereof end for other purposes. 
75th Cong. lst Session Mar. 9, 1937. 

S. 1131 Senate Ceonmittee on Naval Affairs on a bill 
To amend the part of the Act entitled An act making 
appropriations for the Naval Service for the fiscal 
year ending June 20, 1921 and for other purposes, 
approved June 4, 1920 relating to the conservation, 
care, custody, protection and operation of the naval 
petroleum anc of1 shale reserves. (Act of June 30, 
1958), 75th Cong. Ist Session Mar. 9, 23, 1937. 
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61. 


62. 


63. 


64, 


65. 


66. 


67. 


68. 


69. 
70» 


73. 


72. 


75. 


S. 1131 House Committee on Naval affairs, same title, 
75th Cong lst Session May 3, 5, 6, 1037, 75th Cong. 
örd pu June 7, 8, 9, 1938. (Act of June 30, 
1938). 

H.R. 2596 House Committee on the Public Lands on a bill 
To protect Naval Petroleum Reservo No, l1. 78th Cong. 
lst Session May 11 - July 6, 1943. 78th Cong. 2nd 
Session Jan. 18 - Mar. 29, 1944. 

H. Doc, 126 June 25, 1945 Statoment of the Secretary 
of the Navy relative to tho agreement between the 
Navy Department end Standard 011 Co, of California 
on Elx illa 011 Reserve. 

Confidential Committee Print, House Committee on Naval 
Affairs, Nov. 9, 1943, Hearing on The question of the 
Navy's contract with Standard O11 Co. of California 
on the Elk Hills Petroleum Reserve. 

He. Doe. 160 House Committee on Naval Affairs Dec. B, 
1943 Statement of Attorney General Biddle before the 
House Naval Affairs Committee on Elk Hills Petroleum 
Reservo Contract. 

S. Doc. 187 May 2, 1944 History of Naval Petrolewa Re- 
serves prepared by the Navy Department at the request 
of the Chairman, Senate Committee on Navai Affaira. 

H.R, 4771 House Committee on Naval Affairs on a bill to 
amend the part of the Act entitled "An act making ap- 
propriations for the naval service for the fiscal year 
ending June 30, 1921 and for other purposes," approved 
Juns 4, 1920, as amended, relsting to the conserva- 
tion, care, custody, protection, and operation of 
Kaval petroleum and ofl shale reserves, (Act of 
June 17, 1944.) Confidential Committee Print State- 
ment om the Blk Hills matter by Yon. Carl Vinson, 
Cheirmen. 78th Cong. 2nd Session, May 15, 1944. 

(S. 1733 Senate Committee on Navel Affairs. 

(A bill (same title)(Act of June 17, 1944). "78th Cong. 
end Session May 25, 1944, 

H. Doe, 40 House Committee on Naval Affairs on Explora- 
tion in Naval Petroleum Reserve Ko, 1, April 25, 1945. 

H.J. Res. 215 House Committee on Naval Affairs Authoriz- 
ing the Production of petroleum for the national de- 
Tense from Naval Petroleum Reserve No. 1. 79th Cong. 
lst Session June 20, 1945. 

H. Doc, 1357 House Committee on Naval Affairs on con- 
tinvation of exploration for oil in Naval Petroleum 
Reserve No. 4 (Alaska), 79th Cong. 2nd Session, 

Dee. 4, 1945, 

H. Res. 154 House Committee on Naval Affairs, Confiden- 
tial Committee Print, Report relating to the history, 
development, anc operation of Naval Petroleum Reserve 
No, 1 (Elk Hills) by General D. Morgan, Spel. Com- 
mittee Counsel, Ausust 27, 1946, 79th Cong. lst 
Session. 

Sept. 9, 1946 House Gosmittee on Naval Affairs. 
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5. 


74. Nov. 18, 1946 Hearing on amendment proposed to Unit 
Plan Contract governing development andi operation 
of Naval Petroleum Reservo No. 1. (Blk Hills). 

75. H. Res. 141 and 447 House Spel. Sub-Committee (Short 
Committee) on Petroleum Committee on Armed Services 
on Resolutions Authorizing and directing the Armed 
Services Committee to conduct thoroush studies and 
investigations relating to matters coming within 
the jurisdiction of such committee, 80th Cong. 2nd 
Session Feb. 16-20, 1948. 

76. H. Doc. 3] House Committee on Armed Services Hearings 
on Naval Petroleum Reserve No, 2 (re: 27-B Pool unit 
agreement). 80th Cong. 2nd Session Mar. 15, 1949, 

77. He Doc. 5 House Committee on Armed Services learinas 
on Naval Petroleum Reserves on No. 1, Elk Hills, 
Cealif.; No. 2, Buena Vista Hills, Calif.; No. 3, 
Teapot Dome, Wyo.3; and No. 4, Point Barrow, Alaska. 
83rá Cong». lst Session. Feb. 25, 26, War. 6, 1953. 

78. S.J,Res. 15, 5 294, S. 107, and 8.4). Ros. 18 Senete 
Committee on Interior end Insular Affeirs on a bill 
to confirm end establish the titles of the States to 
lands beneath navigadle waters within State bound- 
eries and to the natural resources within such lands 
end waters, to provide for the use and control of 
said lands and resources and to confirm the jurisdic- 
tion and control of the United States over the 
natural resources of the seabed of the Continental 
Shelf seeward of State boundaries (Submerged Lands 
Act, Act of Aug. 7, 1953). 33rd Cong. lst Session 
Feb, 16 3 Mar, 4, 1953. 

79. S. 1901 and S. 1901 Amendment Senate Committees on In- 
terior end Insular Affairs on a bill To provide for 
the jurisdiction of the United States over submerged 
lands of the outer continental shelf, and to author- 
ize the Secretary of the Interior to lease such 
lands for certain purposes. (Outer Continental 
Shelf Act, Act of May 22, 1955). 83rd Cong. lst 
Session Nay 16 - June 1, 1953. 


LITIGATION INVOLVING NAVAL PETROLEUM RESERVES: 


80. U.S. ve Midwest O11 Co. = Reported: 235 U.S, 459, 
Feb. 22, 1915. 

Bl. U.S. v Honolulu Oil Co, - Reported: 243 Ted. 169, 
Feb. 28, 1922. 

82. U.B. v Southern Pacific RR. (Elk Hills Case) - Reported: 
Dist. Court none: Court of Appeals 249 Fed. 795, May 
6, 1918. Supreme Court 251 1,2, 1, Nov. 17, 1919. 

83. U.S. v Southern Pacific (Consolidated Cases) = Reported: 
26 Fed, 511 Aur. 28, 1919. 

84. won... Pan American Petroleum and Transport Co. et al. 
Be OOM. 
በገ District Court ~ Reported 6 Fed, 2d 43, Way 28, 

925. 
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85, 


86. 


87. 


88. 


89. 


90. 
91. 
92. 


93. 
94, 
95. 
96. 
97. 
98, 
99, 
100. 


101. 
102, 


V.S. 
U.S. 


U.S. V 


U.S, 
ሀ. Ss. 
U.S. 


U.S. V 


V.B. 
U.S. 
U.S. 


U.S. Y 


U.S. 
U.S. 
U 


لد 


Court of Appeals 9 Ped 2d 76i Jan, 4, 1926. 
Supreme Court 273 U.S. 456 Feb. 28, 1927. 
Mammoth 011 Company 

District Court 5 Ped 2d 330 June 19, 1925 
Court of Appeals 14 Fed 2d 705 Sept. 28, 1926 
Supreme Court 275 U,8. 13 Oct, 10, 1927 
Relridge Oil Company 

Distriet Court, not reported July 17, 1925 
Court of Appeals 13 Feá 9d 562 July 12, 1926 
Supreme Court 273 U.S. 733 Nov. 29, 1926 

Pan American Petroleum Company et al. B115-M 
District Court 45 Fed 2& 821 Nov. 8, 1930 
Court of Appeals 55 Fed, 2d 753 Feb 5, 1932 
Supreme Court 287 T.5. 612 Nov. 7, 1932 


Wost v 
D.C. 
U. S. 
US. 

Ue Be ኘ 


Standard Oil Company et al. Soc. 36 Case 

Supreme Court, not reported, July 28, 1928 

Court of Appeals 23 Feá 2d 750 Det. 5, 1927 

Supreme Court 278 U.S. 200 Jan 12, 1929 

Standard 011 Company Sec. 36 Case 

U.S. District Court 20 Fed Sup 427 Aug 25, 1937 

U.S. District Court 21 Fed, Sup 645 Dec 4, 1937 
(rehearing) | 

U.S. Court of Appeals 107 Fed 2d 402 Nov. 16, 1939 

U.S, Supreme Court reported? Jan. 29, 1940. 


In addition to the above, the following cases were 
filed, heard in the lower courts and later settled 
pursuant to the provisions of the Leasing Act: 


U.S. v Ohio 911 Co. 240 Fed. 996; 235 Fed. 421 

North American O11 Cons. 242 Fed. 723; 245 Fed. 533 

Midway Northern 0233 Co, et al., 2232 Fed. 619; 229 Fed. 
1022 

OG. Y. NcCutehen et ails, 217 Fed 650; 235 Fed 575 

David Kinsey et al., 234 Feä 702 

Brookshire Oil Co. 242 Fed, 718 

Thirty-Two 011 Co. 242 Fed. 730 

Recorá 011 Co, et al., 242 Fed. 746; 245 Fed. 521 

Devil's Den Consolidated 011 Co. 236 Fed, 973 

Stockton Midway O11 Co., 240 Fed. 1006 

Dominion 011 Co, 241 Fed. 425 


CONTRACT INSTRUCTIONS: 


Navy Contract Law, Nav Pers 10841, Prepared by Office 
of the General Counsel, April 1949, 

Navy Heal Estate Law, Nav Pers 10844, Prepared by 
Bureau of Yards and Docks (Real Estate Branch), 
Sept. 1944. 
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NAVAL PETROLEUM RESERVE NO. 1 
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Hearings. 
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145, 


144, 
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California Division of Mines and State Wining Bureau. 
Bull. 131: Consolidated Index of State Publications, 


1880-1943 List of publications relating te Neval 
Petrolewn Reserves in California: 
Sub ject: Bulletin 
Elk Hills O11 Field 69 
Elk Hills 89 
Geology 118 
Citations 118 
O11 Develop. 90 


Well Flowing over 10,900 bbls. of o11 per dey 88 


Naval Oil Reserves in Calif, 86 
No P. R. #1 PRB 
California, Petroleum Fields of: "null, 215, usas," 


1952, pp. 306-321. 

Elk Hills Shallow 011 Zone Diagrams to Illustrate 
Reservoir and Production History together with 
Present Conditions and Eng. Comm. Recommendations 
Thereon Based on Eng. Comm, Records, 1952. (Office, 
INPR in Cl. 

"Estimated Recovereble O11 and Percentage Participa- 
tions as of 20 November 1942, Shailow Oil Zone, 
Revision of 1 December 1949." By the Eng. Comme» 
Unit Operation e= N.P R, Ho, i; Elk Hills, Kern 
County, Calif. 

Kern River Diatrict, Petroleum In: 
U. S, Go Se k” 1932, PP 310-312, 

Review of State of Reesdiness Program, Shallow 011 
Zone, 1945-1952 هسه‎ Recommended Progrems for Future 
Operation with Particular Reference to Present 
Losses of Availability and Ultimate Reeovery. 

By Eng. Coma., Pob, 27, 1953, 


"Bulletin 213, 


State of Californía Publications; 
Summary of Operstions - Californis 011 Fields 


Vol. 4 (May) Elk Hills O11 Field. 

Vol. 7 No. 1 Elk Hills 011 Field, 

Vol, 10 No. 11 Elk Hills Oil Field (East End). 

Vol, 19 No, 10 Elx Hills and Widway Sunset O1l Fields, 
Fossil Markers of), 

Bulletin No, 118 Dept. of Natural Resources. Geologie 
Pormations and Development of the O11 and Gas Pields 
of California 1943, 

Case No. 4591 Spel. Study No. S-258 Estimate of tho 
Natural Gas Reserves of the State of California as 
of Jenuary, 1941 by John F. Dodze, Consulting 
Geologist, California Railroad Commission. 


"Well No. 77-27$----Shallow Exploratory Production 
Test," Memorandum to Oper. Comm. dated 21 March 1950. 
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UNIT OP#RATION (Contreets, Cost Inspection, etc.): 


146, Amendatory and Supplemental Asreement of 22 December 


147. 


148. 


149. 


150. 


151. 


152, 


1948 to the Unit Plan Contract (ädateä 19 June 1944) 
between Navy and Standard, NCd 8477, Effective Date 
4 January 1949. 


Contraet Data, Generei Instructions, Accounting Pro- 


cedures, and Auditing Program in the Office of the 
Navy Cost Inspector, N.P,R. $1, Blk Hills, Pre- 
pared by Na Cost Inspector, Spencer Herrick 
(unpublished),  [Office, NCI, NPR 71] 


Interim Audit Report #13 for Contracts NOd 4219, 4220, 


8477, and 7166 from Inception of Unit Operation to 
3 Jue 1953. By Navy Cost Inspector, NPR #1, Elk 
Hilla. (Office, NCI, NPR #1] 


Unit Operating Agreement between Navy Dept, and 


Standard O11 Co. of Calif. Relating to N.P.R. No. 1 
(Elk Hills), Contract N0d-4220, June 19, 1944. 


Unit Plan Contract between Navy Dept. and Standard 


011 Go. of Calif. Relating to N.?.R. #1 (Elk Hills), 
NOb 4219, June 19, 1944. 


U, O. = NPR #1, Shallow 011 Zone, Dec. 1, 1949 ده‎ 


Revision of üstimated Necoverable O11 and Percentage 
Participetions as of Nov, 20, 1942, by Eng. Comm. 


Responsibilities of Cost Inspector for Determining 


Costs under Contracts EOd-4219, NOd-4220, aná NOd- 
7166, Between Navy and Standard, Ltr. from Chief 
of Bus & A (Cost Inspection Service) to Resident 
Navy Cost Inspector at N.?.R. #1 Clarifying Duties 
of NCI at Elk Hills. File Ko, L4-1(10)(DCP-2p) 
-ፃ መ of 14 Feb. 1946. [Office, NCI at 
NPR #1 


BXECUTIVE ORDERS: 


153. September 27, 1909 - Temporary Petrolew Withdrewal 


154. 
155. 
158, 


No, 5, "In aid of proposed legislation affecting 

the use and disposition of the petroleum deposits on 
the public domain, all public lands in the accompany- 
ing lists are hereby temporarily withdrawn from all 
forms of location, settlement, selection, filing 
entry, or disposal under the mineral or non-mineral 
wblie land laws. Ali locations or claims existing 
ani valid on this date may proceed to entry in the 
usual manner after field investigation and examina- 
tion, 


July 2, 1910 - "Second Order of Withdrawal" confirming 


withdrewal order of September 27, 1909, 


September 2, 1512 = Setting aside Naval Petroleum 


Reserve No. 1 (Elx Hills), Kern County, California. 


October 15, 1942, No, 9257 = Enlarging Naval 


Petroleum Reserve No. 1 


November 15, 1942, No. 9270 = Correeting Executivo 


Order No. 57, Enlarging Neval Petroleum Reserve No. l. 
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158. April 24, 1943, No. 9337 = "Authorizing the Secretary 
of the Interior to Withdraw and Reserve Lands of 
the Public Domain and Other Lands Owned or Con- 
trolled by the United States." 

159. April 1, 1948, Public Land Order No. 460 - "Withdraw- 
ing Publie Lands in Connection with Neval Petroleum 
Reserve No. 1." (Further enlarging N.P.R. No, 1.) 

160. December 30, 1948, Public Land Order No, 543 =- (Re- 
voked PLO No. 460 insofar as it affected the 9 
Sec, 10 Township 50 South, Range 22 East, Mount 
Diablo Base and Meridian, California). 

161. Executive Order No. 10052, April 20, 1949 - Enlarg- 
ing Naval Petroleum Reserve No, 1; Revoking in Part 
Public Land Order No, 460 of April 1, 1948. 


CONGRESSIONAL MATTERS: 


162, Acts of Congress and Amendments relating to the Con- 
servation, Care, Custody, Protection and Operation 
of the Naval Petroleun and Oll-Shsle Reserves; 

8. 341 Statute 815, 4 June 1920 
b, 52 Statute 1252, 30 June 1938 
c. Public Law No, 345, 79th Congress, 2nd Session, 
17 June 1944 (relating to Unit Plan Contract 
for Na PoR. No, 1). 
[These acts and amendments gave SecNav the authority 
to enter into the UNIT OPERATING AGREEMENT for 
Ne Po Re #1 with Standard. ] 

163. Dept. of Interior, Transeript of Proceedings, Hearing 
in RE Proposed Addition of Public Lands to Naval 
Petroleum Reserve No. 1 (Elk Hills) before Hon, C. 
Girard Davidson, Asst. Sac. of the interior at 
Los Angeles, Calif., Jan. 14-15, 1942, 

164. Hsarinzs before the Comm, on Armed Services, H, of 
Rep., 83rd Congress, lst Session =--. Feb, 25-26, 
1953. Contents: Diseussion for Increased Prod. of 
O11 to Prevent Loss of 011 by Migration, 

165. Hesring before Commíttee on Armed Services concerning 
Naval Petroleum Reserve No. 1 - 5 Sept. 1952 - 
Washington, D. C. (Confidential). 

166. Hearings before the Committee on the Public Landa, 
House of Rep.» 78th Congress, lst Session, on H.R. 
2596, "To Protect Naval Petr, Reserve Ho, l - May, 
JUNG, July, 19433 Janes Feb, , Karch, 1944:٠6 30~ 
volving study of the first proposed wmit contract 
which was rejected and consideration of the second 
contract which was approved in 1944, 

167. “Naval Petroleum Reserves," Hesrincs before the Coc- 
mittee on Armed Services, House of Representatives, 
83rd Congress, lat Seasion, --- about increesed 
production. Feb, 25, 1953. 
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III. 
DBIPLIOGRAPHY 


NAVAL PETROLEUM RESERVE NO. 2 


A. TECHNICAL 
B, EXECUTIVE ORDERS 
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A. TECHNICAL: 


168, 
169. 


170. 


171. 
172. 


176. 


177, 
178, 
179. 


BALL, Me We: Petroleum Withdrawals and Restorations, 
V,8:G.8. Bull, 623. 

BLESSING, De de $ CERKEL, ول‎ Di; SHAVER, Fo des and 
WOLF, H. L.: Sec, Rec, Investigstions-b. V, Front 
Pool, Kern County, Calif. (Unpublished report for 
یں‎ U.S.G.5., filed in the Conserv. Div., 

U. +۰. 

GUSTAFSON, W. Ma, CDR., CHC, USN, INPR in C+: Petro- 
leum Reserve No, 2, 26 November 1952. (This is a 
n published in USN CEC BULL., about December 
1952. 

PACK, R. W.: Sunset Midway O11 Field, U.5.G.8. 
Professional Paper 116. 

NICKERSON, C. M.: Cooperative Development Plan for 
Buena Vista Hills 011 and Gas Field, "Petroleum 
Development and Technology," 1937, pp. 183-194. 
Am. Inst. of Min. Met. ENE + 


Annuel Report, NPR #1 and 2, Kern County, Calif. 
(Filed in Office INPR in C) 

Geology N.P.R. #2 to 1944, Bull. 113, Part III, State 
of Calif., Dept. of Nat. Resources, Div. of Mines. 

Report on Buena Vista Hills, a Portion of the Midway- 
Sınset Field, Summary of Operations, California 
State Mineral Bureau, Vol, 20, No. 4, April-June, 
1955 ٠ Í 

Report on Gaging, Royalty Conputations, NPR #2, and 
General Auditing Control of Petrol Prod, [Speoial 
report field in Office, INPR in C) 


State of California Publications: 
Summary of Operations =- Californie O11 Fields .»ə 


Gas Conservation and Development, Buena Vista Hills, 
Vol. 8, No. 2. 

Northeastern Plank of Buena Viste Wills, Vol, 12, 
No, 1. | 

Report on Buena Vista Hills, Vol. 20, No. 4. 
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5. EXECUTIVE ORDERS: 


180, December 13, 1912 - Setting aside Naval Petrolewn 
Reserve No. 2 (Buena Vista Hills) Kern County, 
Callfornia, 

181. No. 3862, June 11, 1923 - Revokinz in part Dxecutive 
Order of December 13, 1912 (except as to the oil 
and sas deposits therein) and reserving said landa 
for townsite purposes. This order set aside a 
portion of See 12, T, 325., Range 23E., MDW for 
Ford City Townsite. 

182, No. 4225, May 16, 1925 eliminating additional lands 
from the reserve (excepting as to the oil and gas 
deposits therein). This order onlarged ares sot 
aside for Ford City Townsite and covered other 
lands in Sec 12 comprising first addition to Ford 
City Townsite. 

183, No. 6444, November 25, 1925 - Order restoring cert&in 
Grill sites embraced in above Executive Orders of 
June 11, 1922 and May 16, 1925 to Naval Petroleum 
Reserve No, 2, California. 

184. No. 10075, August 18, 1949 =- Eliminating Certain 
Public Lands from Naval Petroleum Reserve No, 2 
aná reserviínz them for Townsite purposes. This 
order made certain of the drill sites in Ford City 
townsite and the first addition thereto available 
for townsite purposes. 
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IV. 
BIBLIOGRAPHY 
NAVAL PETROLEUM RESERVE NO, Š 


A. TBCENICAL 
B. EXECUTIVE ORDERS 


aan ar جم‎ s GR መ j w جج‎ AA ጠወ ወወ تن‎ OF መወ تح وی‎ GF E و‎ bt uu ur qap A gu» CU Gum መ ወመ A Y ee OF Qh. X O oF መመ oF oF @ جیب‎ GF oR ወወ ዉ == መ Q ውኔ ow a 4 ሓመ x Q a ጠመመ 


185. 


186, 


187. 


188, 


189. 


190, 


191. 


192. 


TECHNICAL: 


DARNELL, Jo ILa, LCDR., CEC, USNR: Report on Naval 
Petroleum Reserve No, 3, 8 June 1953. (Unpublished 
report in Office of DNPR. ) 

DEGOLYER and MAC NAUGHTON: Report on Certain 011 Re- 
serves of Naval Petroleum Reserve No. 3, 1 May 1953. 
(Unpublished report in Office of DNPR.) 

DEGOLYER and MAC HAUGHTON: Report on Productive 
Possibilities of Naval Petroleum Reserve No. 3 as 
of ሞም 1, 1951. (Unpublished report in Office of 
DNPR. | 

OAKES, D. Tas, CEC, USNR: Geologie Report on Naval 
Petroleum Reserve No. 3 (Teapot Dome), 9 July 1953. 
(Unpublished report in Offices of DNPR. ) 

ar >-4 R, Es, ን. CEC, USN? Petroleum Reservo #3, 

two articles), USN = BULL, , May 1952 and Sept, 
1952, Vol. 6, NO. 3 0 Pa, 

THOM, W. T., JR., and SPIEKER, E, M.: Significance 
of Geologie Conditions in Naval Petroleum Reserve 
No, Š, Wyoming, UsS.Go. So Professional Paper 365, 

TREXEL, C. As; LCDR. ; CEC, USN: U.S. Navy compilation 
of date on Naval Petroleum Reserve No. 3 (Teapot 
Doms), 31 Mey 1950. (Unpublished report in Office 


EXECUTIVE ORDERS : 


April 30, 1915 - Setting aside Naval Petroleum Reserve 
Ho. 3 (Teapot Dome), Natrona County, Wyoming. | 
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V. 


BIVLIOGRAPRY 


4 (ALASKA) 


A.  TECUNICAL AND INPORWATIONAL 
Be EXICUTIVE ORDERS 
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(The following list of published matter relating to technical 
operations in N.P.R. Ho. 4, Alaska, was furnished by the U 
Geological Survey through the Office of the Director, Naval 
Petrolewn Reserves. ) 


A. 


193, 


194, 


196. 


197. 
198. 
199, 
200. 
201, 
202. 
203. 
204. 


205, 


206. 


Years, $50 Million. 





TECHNICAL AND INFORMATIONAL; 


Alaska: Navy Halts 011 Search in Alaske after Rine 

The San Francisco Chronicle, 
Sept. 9, 1953. 

Alaskes Nevy Pulling Out, 011 and Gas Journal, 


June 15, 1953, p. 87. 


195. Alaska: 






Alaska leasing? by B. F, Lintz, 911 end 
ournal, March 20, 1955, p. 75. 

Alaska: avy to quit Alaska - by B, F. Dintz, a 

end Gas Journal, March 16, 1953, .هس‎ 87, vol. , 
o. 45. 

Alaska: New Drilling Program, Oil and Gas Journal, 
May 26, 1952, De 67, vo è Si, 9 ٠ 

Alaska: Alaskan continuation urged, 011 and Gas 

ournal, vol. 50, no. 50, po 57, April 28, 1958. 

Alaska: Navy seeks cil funds, Oil enä Gas Journal, 
TOL ٭‎ 50, nOs 40, Da 406. ápril 

Alaska: Northern Oil search, 011 and Gas. Journal, 

ecruary 4, 1952, pp. 51-52. — 

Alaska: Navy brings in oil well, 011 end Gas 

ournel, Ost. 19, 1950, ps 67. 

Alaska; Alaska leases acquired, 011 and Gas Journal, 
vol. 51, no. 44, March 9, 1953, p, 73. 

Alaska: Phillips enters Alaska, O11 and Ges Journal, 
vol, Sl, nOs. 41, Feb, 16, 1955, r pe 94, 

Aleska: Statistics of Barrow gas well, pe. 304, 
Survey of world oil fields, O11 end Gas Journal, 
Dec, 21, 1950, p, 304, 

Alaska: Intensive exploration program mapped for 

avy Petroleum Reserve, Oil and Ges Journal, 
Jan. 20, 1949, 

Alaska: Oil search in Alaska, Oil and Ges Journal, 

farer 309, 1950, po 74. 
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207. 


208. 


209, 


210. 


211. 
212. 


213. 
214, 


215, 


216, 


217. 


218, 


219, 


B-18 


Aleska: Alaska Defense Discussed, Sclance News 
ter, Nov. 18, 1950, p. 325. Subjects discussed 
at Alaskan Science Conference: 
Thousand-Foot Frozen Layer 
Caribour Almost Extinet 
Dogs Carry Norma 
Archacolozical Sites Rifled 
Forecast Volcanic Eruptions 
Salt Varies in Ice 
Cortiaone for Eye 111 
Alasken oll: Exit Navy, Editorial, O11 and Ges 
Journal, vol. 52, nos 9, July 6, 15 53 


BLACK, ROBERT F.: Eolian Deposits of Alaska, Aretic 
Inst, of N. America Journal, vol. 4, no. 2, pp. - 
39-111, September 

CABOT, BH. Cus The northern Alaskan coastal plain 
int terpreted from aerial photographs, Geophys. Rev., 
vol, 37, pp. 639-648, Oct, 1947. Remarks on 
physlographie provinces of region between Arctic 
Sea and Brooks Range from Canning River west. 

EARDLEY, A. J.: Ancient Arctica, Journal Geol., 
vol. 56, no. 5; De 427, 1948, 

EPBLEY, N.y 011 5662262685 on the Alasken Arctic slope, 
Wining and Metallurgy, vol. 25, September 1944, 

Pp. 215-219; based on Bur. Mines invest. in 1943, 
on north coast of Alaska from Cape Simpson, east 
to boundary, N. of Brooks Range. 

EMERY, Ke. O.: Topography and sediments of the Arctic 
Basin, Jour. Geol., vol. 57, no. 5, Sept. 19, 1949. 

FAGIN, K. M.1 Drilling problems in Alaska, Petroleum 
Ente, vol, 19, noe 1, Oct, 1947, Po 1830. Discus- 
sion of difficulties offered by permafrost, in 
drilling for petroleum in NPR-4, 

FAGIN, Ke M.: Exploration in Alaska, Petroleum E 
vol. 18, Sept. 1947, p. 150. Description of geo- 
logic and geophysical prospecting methods for 
petroleum in NPR-4, 1944-47. 

FAGIN, K. M.; 011 prospecting in Alaske, Petrolewn 
Eng., vol. 18, August 1947, pp. 43-48. History of 
exploration, NPR-4, 1944-46. 

FAGIN, K. Me: BZeonomics of Alaskan exploration, 
Petroleum Eng., vol. 19, no, 5, Dec. 1947, pe 5% 
General deta, NPR-4, 1943-47, 

GREENMAW, W. G.: Petroleum exploration in Aretic 
Alaska, نگ‎ se Engs, vol, 21, no. 13, 1948, 
pp. 7-12 TAbstracted by Skitsky for Geophysical 
Abstracta 140, U.8.G.8. Bull. 9076-A, p. 35. 

GRYC, Ge, MILLER, D: Je, and PA NS, T. C.: Symposium 
on Possible Future 011 Provinces of N. America, 
prepared by U.S.G.8., Bulletin AAPG, vol. 35, no. 2, 
February 1951, pp. 151-168 
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220. 


224, 


255. 


227 


228. 


229, 


2300 


23l. 


232. 
555. 
234, 


255, 


TV 


GRYC, Ge, PATTON, Y. Wi, JR., and PAYNE, Ts Ges 
Present Cretaceous Stratigraphic nomenclature of 


northern Alaska, Wash. Acad. Sel. Jour., vol. 41, 
no. 5, May 15, 1951, pp. 159-167. 


GRYC, GEORGE: 
Rull., AAPG, vol. 
1251 


Developmente in Alaska in 1951, 

56, no. 6, June 1952, pp. 1242- 

GRYC, GEORGE and WILIER, DON J.: Developments in 
Alaska in 1952, vol. 37, Bull, AAPG, nos 6, June 
1953, pp. 1477-1484, 

HOOVER, H., JR., and MYERS, Ha: Geophysical explora- 
tion in northern Alaska, Oil and Gag Journal, April 
27, 1959 (Digest of paper presented before the 
annual meetings of AAPG, S.E.0., and S.E.P, Y, at 
Chicago, April 25, 1950, 

HOOVER, H., JMR., and MYERS, H. (United Geophysical 
Co.): Geophysical exploration in northern Alaska, 
Listed in annual program of AAPG, April 1950, p. 59, 

JENSEN, RALPH 0. (Commander): How wells are drilled 
18 Permefrost, World Oil, vol. 135, no, 7, Dec. 
1952, pp. 152-159. 

KOTICK, O. F.: Geology and problems of exploring for 
oil in northern Alaska, AAPG Bull. vol. 33, Dec. 
1949, p. 2059 (Abstract). 

LINTZ, BERTRAY FP,: Alaskan suspension, O11 and Gas 

Journal, Feb. 1, 1981, p, 31. 

hk, Ae Roz: Alaskan Naval Reserves Pipeline 

prospects, 011 Weekly, vol. 121, no. 1, March 4; 

1946, pp. 33-36. Note on transportation diffi- 

culties in NPR-4. 

MILLER, RALPH L.: Developments in Alaska in 1949, 


ው AAPO, vol. 34, no. 6, June 1950, pp. 1226- 


"Naval Reserves" - Editorial, 011 and Gas Journal, 
Feb. 15, 1951, page 53. Mentions "wildcattinz on 
the Alaskan reserve.” 

REED, J. C.: Recent investigations by USGS of petro- 
leum possibilities in Alaska, AAPG Bull., Sept. 
1946, pp. 1433-43. 

REED, J. C.: Alaska and the Geological Survey, Sei. 
Monthly 69 (4), 242-245, 19498. 

REED, 4. C.: The Geological Survey in Aleska, Field 
Season of 1949 Arctic 2(5), 174-182, 1949b, 

Science in Alaska: ed, by H. B. Collins.  Twenty- 

hres papers presented at First Set. Conference, 
November 1950, Arctic Inst, of N. America, 1952, 

SMITH, N, A. and WENGERD, 5. A.:  Photogeology sida 
naval petroleum exploration, AAPG Bull., vol. 21, 
Way 1947, pp. 9824-28. Area studied is on E, side 
of HPR-4; contains a brief account of aerial 
photography in geological reconnaissance. Resulta 
confirmed of geophysical prospecting which inai- 
cated basement faulting in areas on the north. 
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236 » 
257 6 


2559 


240. 


241. 


242. 


243. 


244, 


B=20 


SMITH, P. S., andi MERTIE, J. Bs, JR.: NR Alaska, 
U.8. 053» Null, 815, 

SKITI, P. S., MERTIE, Je Bey JR.e, and FORAN, 9". T.: 
Mineral Resources of Alaska (1924), U.S.G.S. Pull. 
783, 

TAPPAN, HELEN: Northern Aleska Index Foreminifers, 
Cushman Foundetion for Foraminiferal Research, 
vol. 2, part i, March 1951. 

TAPPAN: Smithsonian Misc. Collections, vol. 121, 
no. 7, Studies of Arctic Foraminifera by A. Ro 
Loeblich, Jr., and Helen Tappan. 

TAPPAN, HELEN: Foraminifera from the Arctic Slope 
of Alaska, Gen. Introduction and Part I Triassic, 
ولا‎ 5.0.5. Professional Paper 23868-A, 1951. 

WILSON, C. 0.: Seeking o11 in arctic Alaska, Tulsa 
Ceolosical Soc. digest, 1945, vol, 16, pp. 32-36. 
Bpief description of oil exploration for past 4 
years, NPR-4. 


EXECUTIVE ORDERS + 


No. 3797-A, February 27, 1923 - Setting aside certain 
lands north of the Brooks Rerfge in Alaska and re- 
serving them for oil aná gas only and reserving them 
as a Naval Petroleum Reserve. 

Public Land Order No. 289, July 20, 1945 -~ Amending 
Executive Order No. 3797-A of February 27, 1925 
withdrawing certain lands in Alaska ss a Naval 
Petroleum Reserve. 

Public Land Order No. 82, January 22, 1943 - With- 
drewing certain public lands north of the Brooks 
Range in Alaska "for use in connection with the 
prosecution of the war.” The lands covered by 
this order included all of the area comprising 
Naval Petroleum Reserve No. 4 as well as the re- 
mainder of the Barrow Besin. 
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VI. 
RIBLIOGRAPEY 


NAVAL OIL SHALE RESERVES AND STPWNIRGED LANDS 


A. TECHNICAL 
B. EXECUTIVE ORDERS 
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ለ. TECHNICAL: 


245., BUCHAN, F. E., and KRAEMER, A. J.: Development of 
011-Shale Resources Undertaken by U.S. Bureau of 
Mines, Chem. Eng. News, vol. 23, 1945, pp. 1523- 
1527. 

246. FIELDNER, A, C., and SCHROEDER, W. ہمت‎ O41 and 
Gasoline from 011 Shale and Coal, Fuel in Science 
and Practice (England), vol. 23, 1944, pp. 34-35. 

247. KRAEVER, A. J.: American 011 Shale and Shale 011. 
Brief review of work by SUMINES, ost: Petrol., 


1938, p. 227; O11 News, Sept. B8, ہے‎ 
248, KRAEMER, Ao J.: 011 Shale as a had of Liquid 
Fuels. 


249, Liquid Fuels from Natural Gas, 011 Shale, Coal and 
Lignite, Proceedings, Conference on Indust. 


Develop., & Ko a, 9 . 


B. EXECUTIVE ORDERS Relating to: 
NAVAL OIL SHALE RESERVE NO. 1, COLORADO NO. 135 





250. December 6, 1915 - Setting aside Naval O11 Shale 
Reserve No. 1, Colorado Ho, 1, 

251. June 12, 1919 - Order of restoration affecting certain 
lands in Naval 011 Shale Reserve No. 1, Colorado No, ` 
l, Embraces approximately 3550 acres in T. 68,, 
R. 95%., 6th PM, Colorado. 


NAVAL OIL SHALE REDERVE NO, 2, UTAH NO. 13 


259, December 6, 1916 - Setting aside Naval O11 Shale 
Reserve No. 2, Utah No. 1 (Embraced approximately 
86,531 acres). 

255. November 17, 1924 - Order of modification including 
additional lands in Raval Oil Shale Reservo No, 2, 
Uteh No. 1. 
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NAVAL OIL SHALE RESERVE NO, Š, COLORADO WO. 2: 


254. September 27, 1924 - Setting aside Naval O11 Shale 
Reserve No, š jn Colorado, Approximetely 22,600 
&cres adjoining UOSR No. 1 on West, South and East, 


SUDMERGED LANDS: 


255. No. 10,426, January 16, 1955 ~ Setting aside sub- 
merged lands of the Continental Shelf as a Naval 
Petroleum Reserve. 

256. No. 10,525, April 1, 1954 - Trensferring from the 
Secretary of the Navy to the Secretary of the 
Interior interest in and control over certain 
funds. Covered moneys deposited by Navy in 
accordance with provisions of Executive Order 
No, 10,426 of January 16, 1953. 
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I. D. ADDITIONAL LSCISLATION RULATIMG TO NAVAL PETROLETE 
RESERVES? 


257, 


258. 


259. 


260, 


261. 


262. 


263. 


264. 


265 9 


266, 


Act of June 16, 1933 (48 Stet. 311) - An act pro- 
viding that any suit for damages shall not abate 
by reason of death of the defendant (directed 
against E. Le Doheny). 

Act of August 21, 1935 (49 Stat. 674) =- An set 
amending Secs. 13, 14, 17 and 28 of the Act of 
Feb. 25, 1920. 

Act of June 30, 1938 (52 Stat. 1252) - An act amend- 
ing Act of June 4, 1920 relating to care, custody, 
protection and operation of Naval petroleum re- 
serves, to permit protecting Neval Petroleum 
Reserve No. 1 by compensatory royalty agreements, 
exchange of lands, or acquisition of private 
lends therein by purchase or condemnation. 

Act of June 17, 1944 (58 Stat. 290) - An act further 
amending Act of June 4, 1920, to permit unit opera- 
tion of private and government lands in Naval 
Petroleum Reservo No. 1. 

Aet of June 17, 1944 (598 Stat, 285) = Joint resolu- 
tion authorising development anc operation of 
Naval Petroleum Reserve No, 1. 

Aet of July 6, 1945 (59 Stat. 465) - Joint resolu- 
tion to extend operations on Naval Petroleum 
Reserve Ho, l to Dec, Sl, 1946, 

Act of July 6, 1945 (59 Stat. 465) - An act amending 
the Act of June 4, 1920 to terminate leasea of 
lands in Heval Petroleum Reserve No. 1 as extended 
by Executive Order No. 9257 of Oct. 15, 1952. 

Act of August 8, 1846 (60 Stat. 950) - Amending Act 
of Feb, 25, 1920 to permit cooperative and unit 
operations on government lanĉa to promote con- 
servation of oil and sas. 

Act of May 22, 19535 (S67 Stat. 20) - An act to con- 
firm and establish the titles of the States to 
lands beneath navigable waters within State 
boundaries and to the naturel resources within 
such lands end boundarles. Submerged Lands Act. 

Act of August 7, 1953 (67 Stat. 462) - An act to 
provide for the jurisdiction of the United States 
over the submerged lancs of the outer continental 
shelf end to authorize the Secretary of the In- 
terior to lease such lands for certain purposes. 
Outer Continental Shelf Lands Act. 
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